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"get  rich  and  get  out"  attitude  about  them.  They  are  low-key,  factual 
and  straightforward.  When  it  became  apparent  to  U.  S.  Borax  that  it  had 
found  a commercially  sound  body  of  ore  that  could  call  for  its  long-term 
presence  in  Ketchikan,  it  hired  a most  respected  local  resident  to  head 
its  Ketchikan  office  on  a permanent  basis. 


Mr.  Win  Green  Arthur  n wilson 

May  2,  1987  ty  a salness 
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American  Optomelric  Association 


10  Sharman  Place, 
Fort  Madlsor,  Iowa 
52627 
. lay  5 , 1987 
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As  I was  bom  and  reared  tn  this  area,  I am  familiar  with  the  Quartz  Hill 
properties  and  am  convinced  that  the  environmental  values  can  be 
maintained  right  alongwith  the  social  and  economic  considerations  of  this 
project  I urge  you  to  support  the  Wilson  Arm  tailings  disposal  site  and  to 
grant  the  needed  project  permit  Thank  you  for  your  consideration. 
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the  years,  i.e.  fish  were  dropped,  bivalve  species  changed,  and  some  Crustacea 
and  marine  plants  introduced. 
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between  the  two  disposal  sites.  The  agency  cannot  ignore  the 
issues  of  confining  mine  development  to  a single  drainage  or  the 
construction  of  facilities  for  tailings  disposal  in  a designated 
wilderness  area  with  the  resulting  impacts. 
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We  also  chose  to  present  our  views  in  the  areas  of  eaual  ltablity  and 
respons 1 hi  I 1 1 v as  an  important  dimension  that  demands  serious  considera- 
tion. 
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We  all  want  environmentally  sound  development;  and  we  want 
and  need  economic  development  to  help  our  struggling 
communities.  The  Wilson  Arm  option  can  help  provide  both. 


0 

*Vt 

0 © O'  M 

C VI  73 

© C © Ci 

© 73  © 

■ 73  ^ • 

® B 

• M > 

M • 73 

■H 

C O 

m xz  c 0 

© o © 

• M 0 o 

© © > 

• • cx 

73  M 

73  O O 

© > c 

0 

x v>m  u 

XZ  Vi 

Cl  O'  vi 

M CM 

M C 0 Vi 

C • 

C vi  M 

XM  0 

0 

X 

xt  o 

Vi  0 

■M  © 

M C Vi 

M C 

0 Vi 

©Cm 

V vi 

0) 

M X 

— C 0 M 

O'  0 B 

© JQ  C 

©00 

B 0 ® 

Vi  1 

4J  9 0 

M 0 

‘U  - 

o 

X M 

X M 0 

C 73  M 

© 0 73 

• M O' 

• M Vi  ‘ 

• M 73 

■ B 

P C ‘ 

m 

o a 

0 © 

C C vi 

73  0 O « 

73  a© 

73  aM  >, 

M 0 C 

M C 0 

Vi  Me 

p 

vi  a 

M —vi  X 

Cl  0 0 

Vi  B © 

c 

VI  v> 

• • 0 

• 0 Vi  73 

• fi 

2 2 

o 

« p 

o o p vi 

vi  0 © 

c c 

c © 

C © 0M 

73  C 

73  M C 

£ Vi  M 

H fcu  M 

0 

« 0 

moo 

© p 

0 X 73 

0 XZ 

0X  c c 

C - 

CM  M 0 

0 M < 

X o X 

<D 

o XZ  Ci 

0 c 

.X  0 0 C 

M © 

M 9 0 

P • 

P > • 

X 0 

u u 

m 

• o 

73  XZ  to 

-H  Ci  0 V»  0 

M © - 

-H  ©X  fl 

• C 

C X 

M C 

H H H 

Cl  0 

05  O M 

M Vi 

£ 0 c 

£ C Vi 

X C g 

CXM 

CUvi‘ 

X ^ 0 

u x u 

H 

0 - 

• O £ © 

P Ci 

0 to  © •* 

O M O 

0 M o o 

0 Vi  H 

0 © B 

u © © 

2 w x 

c 

© 73 

DO  vi 

0 0 

vi  vi  0 X 

vi  B © 

Vi  BM  O 

M 

M X M 

Vi  Mm 

X 

u 

C M 

~ 0 

5 O' VI 

© • o © a 

• -n 

• B 

M © 

M M * < 

• Mm 

a a w 

9 

Ci 

O h V 

c 

U 05  © Ci  0 

* g o 

K B 0 

X 0 X 

X 0 

K • X 

OQKH 

c 

0 

XO  O'  05 

©M  0 

• -r->  a c 

P M 

3 c © 

0 Vi  Vi 

O M O' 

Vi 

a 2 < 

M 

Vi  3 

C M M 

C 73  XZ 

V«  D o 0 

*4  c a 

*4  C OM 

Vi 

V»  • C C 

VI  © © 

< 

X W W Q 

B 

■H 

0 </>  © 

■H  -H  0 

0 u 0 

o © 

o © o X 

• VI 

• 73M  0 

0 M X 

2 

H > X 

0 

a -c£ 

X > T-> 

vi  a*o  © 

73 

^ 73  • Vi 

KXO 

K • M © 

avi 

o) 

MU  U 

a 

0 © 

B M Vi 

0 

x © c 

XZ  9 

XX 

• 

6u  © M 

Xt 

< 

O 

U Q > 

ax 

O 0 

M Cl 

Vi  -H  © 0 © 

XXX 

vi  X © 

%4  M B 

VI  7JM 

Vi  c 

□ 

H 

H M 

« 

9 VI 

U Cl  73  B 

Mac 

-H  © c - 

Vi  M Vi 

M X O 

0 © 

0 MX 

M ©M 

< 

in 

W X M H 

v> 

73 

0 © O 

*M  0 

U O-H  0 

M 0 

O 0 v>  vi 

© 

• © 

O 0 

M 

X < cn  u 

0 

M Cl  Cl 

X M 

0 B u 9 

O B 

B 

X©  c 

XX  c 

M *— 1 

5r 

1 

H 2 o w 

Vi  73 

Vl 

X M © VI 

XV» 

9 0 Ci 

« 

• 

Vi  M © 

Vi  vi  O 

• > 0 

5 

f- 

o a a 

05  C 

B O 

0 0 > 

Ni3  O 

£73  B C 0 

9 

• • © 

M > 

M O • 

X M B 

2 

CO 

U X w a 

0 

P 

Ci  73  0 © 

Vi  P 

v>  c 3 m 

© M N 

XM  « O' 

O M 

O X 

vi  © 0 

M 

O Q U 

0 

C vi 

O O © 

Cl  73 

0 c o © 

XZ  MM 

V>  M M 0 

M Vi 

73  Xvi 

05  a 

X 

x «‘ 

© c 

CO  73  © © 

0 0 0 

© xz 

V>M  B 

• 0 M 

• CM 

74  « 

u 

O 

•J  • X 

Vi  @ 

73  © 

C-H  Vi 

0M  U 

VI  « V 0 Vi 

XM 

SBC 

X © Vi 

X 0 Vi 

0 ViM 

H 

X 

H 05  X < 

V> 

XZ  O 

0 73  C 

0 9 a 

0 O'.Q 

c 

VI  M 0 

vi  0 © 

V*  c 

• 73 

W 

u • 5 

0 

XM 

0 0 0 

0 

0 Xvi  VI 

Vi  nm 

0 N X > 

a a 

• c 

© 

2 

X 

X D X O 

0 Vi 

M © 

© P 0 M 

© M 

Mm  © 0 

o vi  a 

Vi  0 73 

74  © b 

VI  © 0M 

MM© 

o 

5 u x 

05 

o a 

Vi  O 0 0 

.C  < 73 

M p 0 © 

M 

u m 0 

0M  o 

0 o © 

M o C 

a 

H 

O W Q m 

B 

0X  * P 

V»  c 

-h  0 B B C 

0 vi  73 

m 0 a 

73  u 

M M 

O UM 

o 

H 

U X ffl  X 

Vi  © 

vi  Vi  O' 

0 

U O 0 

M P 0 C 

MPVJM 

M 

m ^ a 

C M 

D 

H X 05 

C X 

M o 

05  V> 

VI  Vi 

C C 73  M M 0 

O O 0 73 

M 0 

MM  M 

P 0 

>« 

•J 

W tJ  M 

0 4-5 

H H 

73  M 

0 © 

p © M M Vi 

O *j 

C X 

O • M 

O • • 0 

0 • B 

t-l 

O 

X O O J 

B 

M w 

• 0 Ci 

0 ‘73 

0 M p 0 

s • - 

3 • vi  o 

CO'© 

C 05  M • 

O 05 

M 

05 

H X X ffi 

CL  vi 

X 

73  Ci  0 0 

V>  © Vi  C 

O O-H  o 0 

OX  M 

P C vi 

P 0 0 

• ■ 

o 

W 

M < 

0 0 

c 

• 73  a 

C£C0 

vi  X >-H 

O 4J  • C 

O vi  M B 73 

0M  | 

o a 

D -H 

2 

a H H 

H 

N © 

v»  c © 

© Vi  © 

VI 

o 5 2 

© 0 c 

OM  O' 

o vi  — © 

X 

w 

o « c n 

© © 

Vi  Vi 

*H  p *0  Vi 

B P B 

X Cl  -H 

Kca 

7-i  C C 0 

M c 

© <M 

vi  M 

X 

OJU 

> M 

II 

C£  Ci 

ao  a«* 

Vi  © N vi  © 

>i0  c c 

X0  C 0 

X0  0 

X © a 73 

M © 0 

H 

zaj 

9 P 

0 Cl 

D ©0 

O 05  o © 

•H  ^ Vi  -H  Cl 

4J  B0 

Vi  0 U ~ 

vi  vi  M 

vi  M W 

OX© 

O^hQ 

73  V> 

p © 

m a 

M M C 

U 0 Cl  © -H  Vi  H 

M vi  B C © 

M 

M 0 w’ 

Vi  0 

M D X X 

P 

a > 

© o a 

© © 0 

a©  > 

O C 0 M 

O C 0 Vi 

o • 

o a 

a 

H C/5  2 

VI 

0 

• C P 

> VI  > © 

p ® *H 

© > 

• 0M  0 

*4  X 

X© 

© © 

D 

9 

• 

XZ  0 9 9 

© 0 © X 

• B O © 73 

• B C C 

• B O V> 

• 0 vi 

• 0 o* 

X V>  M 

M * ‘ 

X 9 

XZ  Q 

Vi  XZ 

73  73 

XZX>  P 

xz  an  © 

x a c o 05 

X 

X • c c 

Vi  0 73 

O < N < 

V>  xz 

vi  C 73 

vi 

Vi-H  0 73 

vi  0 

vi  O-H  © 

vi  o 

Vi  05  ©M 

X 

C/5  2 H 2 

Vi 

M C 

L htj  m 

© o c 

M 73  « 

M « 

« Vi 

• O'M 

vi 

W 05  OS  05 

‘00 

‘ • © 0 C 

: ‘ x ‘in 

‘C£  © 0 

‘ © © XZ 

‘•73  ©X 

‘ p 

‘D  < M 

‘ © 

2<3< 

05  0 

05  V> 

05  > O-H  C 

1 WBC^ 

co-h  vi  .Q  i 

W > vi  vi 

W > © X Vi 

05  B 73 

05  0 

05  O' 

3dm 

< 4J 

(0  c 

<ocu 

3 0 0 

•<  Vi  < 

<d  © o 

< • Vi  Vi 

< B C 

< vi 

< © c 

<<o< 

u 

WOB 

U M C ^ W C-H  © 

W M Cl 

W7J3C 

WT3  0 73 

WM  0 

w • c 

WTJM 

2 v> 

2 o 3 

2 « 0 x x o vi  > 

2 m o'  ‘ « i 

2 73  0 

2 0 © C 

2x0 

2 Cm 

w c 

w c 

W 73  C Vi  W0U-H 

W 0 C © B 1 

W © C 

U « 73  © 0 

w © a 

W ViM 

U 0 M 

X 0 

x * © 

X © Vi-H-H 

1 X © P VI 

x -h  m a i 

X xz  0 B 

X X C N 

XX  P 

X Vi  vi 

X Vi  0 

$ Vi 

5 073 

5 v»  u*4  c 

; S Ci 

5 o vi  o ! 

X Vi  0 Vi 

5 vi  0M  c 

5 vi  i 

X O 0 

x a vi 

m 

* £} 

0 © p 

i vi  x 

73  ® -H  M 

o 

O B 0 

Vi 

© © 

M 

o 

0 X 

© T-»  B 

© vi 

MB© 

vi  © 

Vi  M M 

vi  M 

vi  vi  *f> 

© 

a 

0 M 

> o M E 

1 • C VI 

© © > 

0 73  VI 

0 73  C O' 

0 0 

0 0 0 

73  M 

B 

M 0 

C M 0 0 

i £ o m 

o a o © 

X C Vi 

X CM  © 

X Vi 

X M M 

C O 

tI 

< B 

*h  a vi  u v>  o vi 

vi  o aTJ 

Vi  0 © 

Vi  0 B M 

Vi  © 

vi  a a 

P *4 

In 

r- 


© 

& 

© 

> 

to 

xz 

o 

o 

>1 


c 

o 

u 

m 

P 0) 

o e 


X 

v> 

c 

M O 

© r- 

0 0 

© CO 

VI  v> 

M O' 

C 

at 

O M 

P 0 

X 

0 u 

M 

C ‘ 

X 

© 

M VO  CM 

© 

M 

X ni 

M 9 

© 

© 

C 0 

O 

• X O' 

• 0 © 

c 

M 0 0 

X M 

■H 

x x a 

H a 

0) 

m 

o 

>i 

<0 

X 


X'' 


s? 


Q-57 


Resolution  No.  87-1510 


• 

O' 

0 

cu 


a 

H44jC 

>iH  44  C4  44  0 0 X3  TJ 

XX 

0 G 

0 

«Q  r-  c O O 

rH 

0O0O>44  44G 

44 

43  *H 

© ^ 44  -H 

0*44  0 X2  0-H  0-H  3 

H 

44 

>« 

l4HCH£ 

C C T-»44  T-»44  0*3  O 

3 

0 

H 

0 

10  0 3 

O 

0OOO  0-H  U 

cr  o» 

M 

r *>  b a 

C4 

mu  u 0 44  c 1 

0 

c c 

U 

CD  C O 44 

44 

S a*o  a44-H  0 ^4 

(4  -H  -H 

c 

0 ao 

0 0 C 44  fi-H  0 

P 

O rH 

M 

0 

u 0 

(4  0 0 0 0 44  0 

0 

P-H 

x 

* 

• -H  -H  >r 

C-H  VI  c 1 0 0 >1 

c 

0 

(4 

•h  0 > tj  a 

0 

> 0-H  44  44  U 

O 44  44 

£2  C 0 

X C C 0 B 0 © 

O 

0 

Pm 

U 

W C4  O 

*hwo>  otj  a - 

0 

O 

44 

C 0 

x: 

•H-H  fl  0 0 0 0 

i-.CC 

© 

0 rH  44  0 • 

u 

44  44  P 0 rH 

to 

O-H 

•J 

0 44 

4JH00C  C TJ  xa 

X-h  B 

M 

44  U C 0 

0 0 U C 0 0 C to 

•H  44 

u 

44  0 © O - 0 

K M 0 bTJH  0 04> 

x:  a *h 

Jj 

0 rH  TJ  -H  0 U 

0 TJ  © X2  X2  X3  0 

0 

O rH 

5 

0 © 44  O'© 

44  TJ-H  44  >10  44  C 

44 

•H 

0 

>i0  Cm  aCJ3 

0 0 0 H rH  C O 

0TJK 

0 

44 

© O-H 

PmG0OO0-H(4 

0 

-H  K rH  44 

>1 

0 B 0 O 44  0 

M N 

w 

u 

0 fl-H  K4 

44 

O 0 G O 44 

%4  U 44 

E 

44  x:  u to  co 

^H 

0 rH  rH  0 0 p 

0 

0 (4 

P 

0 0 44  < 44  a 

O 43  0 0 »H  (4  rH  M 

44  0 

x: 

44  rH  0 -H  0 44  TJ 

>i©  P 

JN 

44  rH  C 0 0 

0 

X OX  X>  0 0 

44  (4  a 

CD 

0 TJ  0 C 

X3 

•na  0 c 0 

*H  a 

44  > C 0-H  © 

44TJ00N0OOC 

0 

O 

0 0 0 rH  B TJ 

C o-H  44  (4  44  0 

0 0 

w 

-H  0 

44  0 0 TJ  U 0 O' 

cox 

> 

■H  a X B B 

0 

a 0 tj  0 44  c 

X3-H  44 

*3 

•nae  3 

pc  c 0 0 

44 

> 

O 

0 0 0 e c-o 

0rH  0 a 0 0 0 u 

U 

CO 

c 

■HX0C 

•H  OH  O*  0HH44 

44 

0 44 

p 

- > 44  TJ  0 

-H-H  0 C X BOO 

0 TO  0 

s 

O 'D  M A 

O 

> -H  0 u 

U CD  0 44  >0 

c 

U rH  (4  00a 

rH  44 

£h  To 

TO  TO  0 rH  44 

p 

0 0-H  0 44  TJ 

-H 

O rH 

H 5 

rH  0 0 0 

O TO  > 0ffl  0 44  c 

0 0 0 

Q 

>1 

H B Ci 

u 

•H  44  0 0 0 

c 

u 0 

M 

44 

44  0 0 

cr  • TJ 

p 

0 0 

W jJ 

-H 

- 0 0 H X3 

>tv>  to  c a v) 

0 Pm  a 

ffi  O 

U TO  0 rH 

44 

0 O'  • 0 0 0 U 

0 

0 

(M 

rH  b 0-H  TJ 

•H0OCD  >00 

-H  44 

044  X 0 

O *4  44  -H  -H  a © 

• TJ  0 

-TO 

O 

a x: 

0 X3  0 *44  0H 

0 to  x: 

w < 

x:  © NO 

0 Pm  0»x:  0 0 -h  0 

x: 

• 44 

g 

>i-h  v>  a c 
01  iCh 

P 

D 0 

«G  0 

tu  2 

OIDC0O 

• c » o>  0 e a b 

0 44  O' 

W TO 

• 

.030 

a 

to  B COOO- 

• 

XX  c 

« < 

rH 

D tro 

CM 

r*  cr  HhiHCN 

TO 

[44  IH-H 

W M 

B < B 

D < c vi  ae  to 

OTJ 

SB  < 

c 

hi  N-H 

c 

•h  0 i-H 

G 

0 44  C 

P 

0 

h e 0 

0 

0 hi  C C • 

O 

4»  -H 

V. 

•H 

r c hi  c 

H 

ac  vi  O'  0 0 3 vi 

■H 

U B 44 

- Z 

P 

toooo 

44 

roavic  h s c 

44 

O U 

0 

e -h  o-H 

0 

VI -H  0 B-H  B-H  g e 

0 

a<  44 

0 t2 

0 

E -u  v> 

• 

•p-h  *•  e > 0 b 

0 

a 0 

Z w 

TO 

M O'  O 0)  3 

TO 

UlCOhCOS 

TO 

P c 

K 

Vl  c e 3 rH 

a e 5 e-H  3 e 0 

0 0 44 

O 

VI-H4J  O 

e vi  c 3 p a rH 

0x2 

H 

0 o>o  s a 

piooaEBeea 

TJ  rH  O' 

W 

e hi  hi  r e 

E hi  0 a e e r r b 

G -H-H 

S 

hi  s 0 r hi 

sa  b-h  as v> vi  a 

0 3 rH 

1 1 P 

TJ 

TJ0CH0  1 

• *4  rH  rH  44  0 TJ 

hi  a E 

C 0 

0 

0 XX  0 0£  C 

O 0 0 0 P 4>  C 

a 0 < 

•H  0 

TJ 

c 44  0 g3-h 

C 44  c O 0 0 

vi  a 

*4  44 

TJ 

■h  44  0 0 

•H  0 0 XI  *4 

vi  a c 

0 

44  X3  -h  • B 

0 «h  a « 0 

H H 0 

8 *4  0 

C 0*0'4>TJ 

0 44  0 44  - 

TJ  TJ  0 

0 TJ 

O' 

0 C-H  0 p a 

0 0 0-H  >i0  44 

rH 

44  XX  *4 

c 

o-H  0 JCrH  0 • 

0-H  x tj  a 3 0 

0 0-H 

0 44  0 

•H 

TJ  0 44  fl 

P 44  P 0 © 

rH  O' 3 

0 T-» 

3 

0 0 44  0 C 0 0 

rH  -H  44  0 TJ  44 

44  G 

« 44 

0 

*4  0 P C-H  *4  44 

0 rH  0-H  0-H 

44 -H  0 

G 

rH 

0 *4  O 4>  0 0 

> -H  TJ  0 44 

hh  XX 

0 -x: 

rH 

ax)  tj  a>i 

O *4  TJ  — 

rH  -H  44 

-•H.C  44 

0 

4>  • 0 CrH  0 0 

0 0 0 0 TJ  B 0 

0 

44  0 0 

44 

C -HP 

0 44  *n  *4  rH  0 0 

0 44  c 

0-H  jQ 

0 44  0 OH 

0 fca-H  3 *4  H 

•H  0 

D*44 

0 

fl  0 0 0 3 44  0 

C P 0 44  ^ 

44  0 

•H  C 

J3 

a*o  *h  0 

E 44  O’  3 

• 0 3 

44  -H 

o-H  c 0 0 0 

0 0 >1  0 O' 

>H  44 

-H  0 

rH  0-H  c 44  O a 

TJ  P 44  *4  0 C TJ 

0 0 0 

B P *4 

0 

0 > o 0 0 0 0 

H *4  O OH© 

XX  44  X) 

0 0 

*4 

> 0 0-H  0 C-H 

H 44H  # © JC  *4 

5 0 

0 B rH 

0 

0 xix:  a*4TJ 

3 0 ac  £ C 0 TJ 

0 

44  0-H 

44 

TJ  3 B 0 

C H 44  C 

4444 

0MB 

44 

0 0 -HTJ  0 

CO  TJ  0 P 

-44  G 

-HTJ-H 

0 

0-H  O' 44  rH  O' 

0 0 0 H *4  XX 

C 0 0 • 

*4  0 0 

ee 

GX0O  0-H  G 

XX  P • 44 

0 fl  0 

ac 

0 0 

Hh  c B J-H 

0 44  0 0 O 0 

•H  rH  G TJ 

0 0 0 

> 0 

fl  *H  44  0 rH 

44  0 3 *4  C 

4i  0 0 U 

*4  -H 

«h 

0OC  0-H 

O 44  TJ  - O 

0 44  (4  0 

a 

44  0 

0 • *4  O HC  0 

0 0 0 

O'C-H-n 

ac  44 

0 44 

C 0 TJ  B 4>44 

a c 0 p © 44 

-H  0 > 44 

000 

C G 

44  O' 

B >H  0 0 *4  p 

44  fl  G 

44 

C 0 

0TJ  - • C 0 

•H  E 00 

•H  5 0 

^H 

0 > 

C C 0 Q-HC 

0 0 0 0 X) 

BO  0 

XS*H  JQ 

44  TJ 

44  -H  0 0 0 44 

0 0 H O TJ  0 

u u 

44  0 0 

rH  0 

O 0 0 rH  0 0 

XX  0 0 0 ~ 

• -H  • TJ 

-h  0 x; 

0 

*4  0-H  CrH  *4 

44  0 0 c 0 in  44 

44  > G 0 

3 0 

44 

0 tj  0 b *4  ao 

O 0 *4  O CM  0 

0 C-H  p 

ac 

p c 

44  0 0 44 

0 0 a © 0 ^ 

•h  0 (4  a 

0 0 

C to 

0 0 TJ  0-H 

0 C O TJ  CQ  C 

u to 

»H  -H 

< 0 

0 0 © rH  ac 

0 H rH  0 

a©  b 0 

44  TJ  44 

H 

an  0 *4  -H  0 

P TJ  H © © H 

OXX  TJ 

O 

C44 

B 0'44  0 2 fl 

TJ  44  3 C > 44 

*4  44  0 

0 TJ 

0-H 

-H  c p *4 

0 0 44  H 0 

a xx  0 

44  0 C 

S P 

-H  0*44  OTJ 

*4  C 0 44  44  > 

ac4J  0 

44  O'  0 

rH  cr 

0 O 0 O C 44  c 

O'  C C 1 0 

0-H  0 

0 C 

•H  *H 

C 44  0 0 

44  0 C 0H  >ifH 

c o 

•H  a 

3 O 

P 0 0 B 

MHH  B 44  0 

X2  0-H 

rH  £ 

0^3tjc 

rH  3 0 C 

44  0 TJ 

0-H  O 

0 TJ 

a®  c ©-H 

H C *4  © 

-H  C rH  C 

X3  0-H 

fi  c 

• O B rH  0 0 0 

• 44  0 0 O 3 C 

Z 0 0 0 

P 44  44 

P 0 

0 44-H  wx  C 44 

XJH  44  JE  3 44  0 

H 

CM 

TO 

\n 

r* 


v 

P CM 

H 

o • 

■ cr 

• B 

U.  0. 


sec 

o 

-H  “O  — I 

VlUVl 

b-h  a 

e*8 

0 #rH 

25-c 

•*.2 
<0  e ^ 
ere 
hi  +3  <*-. 
m e 
a-o  n 
vi  e a 
a-o 

hi  3 >i 
O4H  H 
O rH 

• C 0 
O O 4J 
•HOC 

2.S 

• to  c 

CO  43  O 

*4 

4i  <<*H 

• CU  > 

• w c 
Us  0 
O 

Pm  © tj 
«£  C 

• £ 44  0 
£ 44 

♦4  0 - 

H Z 

C 44  H 
44  0 to  to 
-h  xx  u ai 

3 4>TJ  O 
0 Ou 

• pa 

*4  C 0»*H 
P O TJ 

O-H  C 

C 44  TJ  0 
o a O' 
O • to  c 

O O H 
<XOH 

a.  © cd  -h 

W 0 
44 

0 0 44 

x:  43  o 0 

44  44  c 


c e 

44  X3-H 

0 44  0 V4 
CH  0 O 
4*  3 XJ  44 


44<  O'^H  • • 

c 0.  c 0 - •o 

• W*H  p 0 

fl  > 0 u to 

O*  # -H  -H  *0  O 
OX«>  JO 
H^O  P ffl 

• 44  © 0 a 
> — H X2  ^ 

2* 

V>  CV4TJ  _ 

a b-h  o r 

cr  ** 

■HV  b-h 

x VIO) 
e e o o 

III  CBTI 

imj  ■ « e 
o b e o ** 

IlMHCI 

■J?*S3°o 

B C-H  O'-!  S 

• -h  b o 
B ■ f *> 

§e  >1  E 

umo> 
c b u r o.*j 

III  111  u 

13  01  rH  rH  «J 

r a e e a 

5HV>  0 B C B 
rH  O-H  C C-H 
0 B V B 3 

x a e o v>  o 

B 0 0 -H  U 
rH  M a SBC 

.h  ac  o 0 

HHIHUC 
s b e e o — 
n0r«uit 
N C 0 2 -H 

ij  e c v 00 

|<  B OH  B-H  B 
«§H3POO 

3 o > o o o a 

Oh  h > « I • 

-H  C VI  -H 

e > to  r vi  c -o 
r e o e r 

v w v-h  V>  O 

b r o cr 

.|l  I )H«  c 

2 VI  hi  V>  E -H 
0 o c e 0 -h 
U hb  or  -H 

X Q HUI0 

u vo  a co 
X v r 0 e -h 
5«ob0h« 
B E « h 
rH  0 E T> 
> T>  Vl  -O  O 0 

icccrs 

pc  0 -h  0 a o 


OWOI- 
•H  hi  C 
rH  C-H  0 0 

H OH  BH 
u -H  -rl  Vl 

colbtt 

3 0.  -HO 

V» 

a e a 

0 c 0 E 

>,  hl-H  o < 
U -O  C-H 

I VI  C 
„ >rH  0 

00  c B 

a vi  er-H 

5-0*4  B* 


• OHM 
UZ  C-H  hi  hi 
0-H  0 0. 
Vl  H 9 VI 
o vi  e a 
or 
>,  no 
*»  o cr 

■H  OH  O VI 
O B O 
TJ 

a e -h 
r tj  e 3*> 
o 3fl  or 

OOUD1 
VI  -H  -H 

0 C TJ  -H 

0>v>  c 

rH  0 0 0 

nerc 


o 

e 

sr 
o u 
O 3 


vl 


•O  3 >1 
„ OOH 
0 0 3 -H 

>,  r vi  0 

|l  H H 
H 44  rH  0 

0 0 9^9 
x 0 a 
• -h  © a 

5S"C% 

*C£IM 
TO  U 44  43  P 
" O 44  I ~ 

c*  -«s 


c 

0H 


H 0 

0 44 
0 

TJ  0 
C 
C -H 
0 B 
* 

H U 

x:  o 

044 

44 

© c 

« o 

•H 
44  44 

o a 
o 

>1 

44  TJ 
H © 
U *4 
*4 

0 © 

x:44 

44  © 


u 

■ a 


44 

>*0 


can 
_ o 
V U tprH  a 

4J  j-i  e ffi  TJ 

© p -p  h c 
co  « 

0 

B a - 

144  M C O'  44 

5 o r*  o c o 

* ^ U -r4  0 

>,rH  HH-n 

44  I > -^  p 

u cd  w 44  a 


cn 

< © 
u x: 
a 4J  • 
W eH 

S44  0 

V4  0 

o o 
a a 
a a 
p 

• TJ 


Q- 58 


CD 


*->  C 


C *H  0)  C 

ci  > o jro 

0)  u -H  E ^ 

U 0)  > 4J  -H 

o a m u o 

3 y a)  co 
C CO  C/S  CL 


• u M C/S  *3  MJ 

MOO  • 4»  0) 
X b :o  (*-  ^ 


03  00  O 

u a c 
O E *H  >> 
00  O J£  B 
O 0J  O 
-U  imJ  C 


■nun  # 


£ TJ  H O, 


T-)  4)  CD 


H T3  ^ 

at  ci  o 
H CD  03 
O O £ 
CD  CL 
O O 
>\  M Ml 

e cl 
o , 

CCD 

o at  «h 
y w h 
at  x at  i 
x 

C CD 

o a c 

■H  X « 

M>  £ 

03  03  Ml 


11 


C *->  C 


•h  at  3 at 


U ’O  J2  ® 


-H  3 >p 
cr  M 
C «H  Ml 
■H  C C 
3 3 

a o 
at  at  o 
m x 

03  mi  M 


at  c 
at  oo  os 

t 2 . 

at  c .* 

CD  03  CD 

at  > 03 

L-OH 
o.  03  < 


C M CJ 
Q O C 
3 03 

at  mi 
cj  at  cd 

•H  X X 
r>  « 3 


09  Ml 
C 

oo  at 

03  Mi 

K 

>»  at 
oo 

o at 


c *h  M 
«o  5 at 

•H  > 
CL  c o 
o 

00  -H  >s 
C WH 
•H  03  CD 
.*•0  3 
<33  03  O 

B M TH 
00  > 
<L  11  £ 
0*0  0 

£ 01  L 
0X3 

nu  £ 

£ u 41 

M 03  CD 

at  x o 

CL  Ml  CL 

3 E 

CD  X «H 
CJ 

03  3 T3 


C mi  O 
O C 5 
•o  at 
fi  CM 
CD  CH 

as  o at 
x m CD 


u it  C <W 


X *3  C 
C *H 
at  cq  o 


X MJ 
>s  Ml  *H 
rH  > 

at  x 


■H  3 00  M M 

u 3 x c o at 

O «H  5 X 

c at  • at  8 

c m at  at  at  3 

ce  ai  h oo  x c 

CJ  CX  CL  M 

B o 5 o 

at  o d o cm  o 

3 a a c o ao 


> 


B at  3 
O X Ml 
CJ  Lt  03 

C • 
at  cm  os 
X o c o 

Ml  03  -H 

C X M 

at  o l it 

> *H  CL 

at  mi  m 
•h  u at  M 
h at  mi  at 
at  mi  oj  oo 
x o at  c 


— < >p  O MJ 


H 3 X 
M 6 Ml 


03  > -H 
C CO  03 
X *H 
M U , 
0 3 0 
O CD 
CD  >> 

at 

K as  oo 

03  CD  X ' 

mi  at  o 

M -r-1 

B 00 
o o • 
m m at 
«m  a b 
o 

at  at  cj 

B x c 

O Ml  rl 


«h  at  x 

CJ  H 

o c 


X M CJ 
C O 01 

at  x t-> 

as  o 


at  *c  x 

L H Ml 

00  3 


mi  oi  at  x 


o x at 


rH  3 > at  t-«  CD 


oo  co  -h  o oo 

th  at  mi  c e mi 

CJ  C O O CD 

03  M O CJ  H at 

x 3 cj  at  x 

CD  O X 

03  CD  Ml  0!  M 0! 

rH  at  o x at  x 


O 

sb 

c 

o 

-H 

•p 

rH 

o © 
m Or* 
© «J 
tf  0, 


C C 

-H  © 
rH  B 

• a 

P. -H 

Q. & 

• 

a 

a « 

*)H 
0-1 
BA 
0 O 
-h  g 
-o 

0 c 

o>« 

A 

0 0 


C >1  0 4->  I illTIBCCUH 
-HP  ID  Cvi  tTA  Pi  C C 0 O O 0 
A 9 0 A C 0 0 0 a:— I 9 

A C 0 0 O — • A 0 0 44-0  9 

09ua0H0HO>9PUCc 
O 0 0 O a-H  Pi  O C O 9 9 0 
oBaH«i0TiT)-Hr  flo 
0,0  0 A 0 0.44  0 o a» 

ffl  o 0 > • 9 0 44  Pi  A 

’ XOdCO  9-0  0 a A A 

•O  0-0  A 0 0,00  0 

p<  0 -o® m o a 

-0H  0 X 0 C -O  O'  Cr- 

OAHA9A-00AC  C C 

440  0O0  -4090—1  ——I 

© © 4j  ffl  J3  rH  *h  jc  © a m © 

X M ® © © © *h  ®«in© 

AO>00-O0OA  X .C  ffl  • ffl 
0 0 rH  O O 0 0-4  HPOM  • 

H A 0 C ffl  44®  O VP  U A 


- 0 
TJ  44 

0 

o - 

Pi  ® 
0 

-0 

44  Pi 
Pi  0 
0 

A 0 
» O' 
0 
0 Pi 
O 
0 4> 
•O  ffl 
9 

H *> 

U © 

c u» 

*H  C 
H 

•o  -a 

*H  r4 
9-1 
O 9 
3 A 


C A O 0 
-H  9-0  O Pi  C 
ocn0-4 
mo  4i 
A C4I-0 


o C'-c  c 

o • —4  -4  0 

O C Pi  a o 

O 0 44  Pi 

•0-4  0 O C 41  0 


-4-4  C 0 0 rH  >144  0 O a 
A 9 V ffl  -OOCfflrH  O 
>1  IS  C 44  rl  —4  0 —4  Pi  44  — ~ 

rH  0 0 ffl  0 0C000440CO 

o Pi  Offl44PilPi  Q.C>Oin 
a COOO<>iO0  0-4H- 
-0  0 ao  44  C C —4  41  0 

Ur44dD>0  0 41-4  0^0  I > X 

—4  9 — 4 C —4  C —4  O > >rH  4> 

Pi  OA-4-OH  041  ffl  «-i  o -4  4J  9 41 

_ _ gooptHO--- 


- O’— I 0 41 


O » 0 44  0 ffl 

4<  44  0 044  rH 

ffl  B ffl  Pi  44— I -I  tpoow-w 

-4  C m o ax  co  0 >i 

A<  a-O  0 ~ O VO  44  A A 

Pi  O 0 O >i—4  *0  34) 

C O Pi  CrHOAHOO  A 

O C 4h  -0  0 0-4  0 O 0«>  0 A -ffl 

O 0 aA  A O Pi  — 060 

•O  ffl  >,0  0 A 0»0  .^30 

0HA9O  riooa  PI  >-  c 
ffl-H  — 1-0  0 »0— I O O ffl  0 A 0 rH 
0 X rH  0 >1  ffl  X o Pi  A -0  rl 

CO  —4  Pi  B rH  O O * Pt  ffl  A ffl  A O 

A A rH  a Pi  cr>  ffl  rH  ffl  A >1  PI 

oo  a 0 a am  a a 0-  ffl  -i  >, 

• A A 44  O O -4  a VP  A O O O O 0 

U4)fflOUi4D0-O-0AU6a 


S.  k k ^ 4%  % •*  4 

A C A ffl  ffl  c ffl  PI  >1  A 

00ACAO0OOO 
Pi  0— l 0—4—4  0A  CA 
0PI0-40AUO0O 
A O to  ffl  44  ffl 

o 4h  > AHA 

C C -4  < A -4  A 

0A  Pi  B 0-00  0 

4tS  0 6 ■ £ C 

—4  CO  C 0 o 

A O O CJ  A O —A  — 

O AA  0C4  • -A  • 

A a C 0 U A 

0 C ffl  — o A O 0 0 

iC  OAAAA  0 AA  0 
ABC  00 A 9 OC 
Iia1«I0APO  A A 

o9O0«c  jag* 
a cj  a 0 0 c 

>,0  0 0.«  w 

A 0 a C 41  A 

A 0 — ffl  00  0 . 

CJ  A A > -o  A A A 41 

0 0 CA  0 C O 
0 ffl aa  0 > ao 
A A X C A 9 0 
AAO  WCAC0 

ad  u o o o a 

41  A >i  0 55  A A • 
041  BA  A A O C 
O0OA4iA4i>OO 
>CCO0OC  A 
A 0 0 9 aw  A 

A ffl  A O i ffl  , *0 

O0OTW0AQA;  >■  C 
CA  O C C CO  0 A 

° 0 0 D < A 

8 

..  «H  0 A 0 X (J 

>,-o  0 o a a a _ • . 

A C > 0 0 o ffl  c to  A 

A 0 O O QXQO-0 
U SO  A O A 54  *4 
0 A C O'  C 

O 0 C -A  - 0 0 

0 A — 0 ffl  O A >,05 


9 a _ 

0 O A-0 
V O O C 
C 0 


•C  AO00A-O  AC 
pAOOAAOp  0 A 
Offl  A 0O  A ' ® ® 

. >a  O W ffl  C C > 

*10  >4h  a o a o 
x A o o a o'O 

C 0 Q Pi  A A ffl  C 
o 0 a 0 0 0 a w 4i 
A C 9 A CCC>  o 
AACOC  0 O O A 
M Q —A  A A O A C 

® ffl  B C ffl  ffl  ffl  OO 
haa J t n o t a a 
obAbaaaaao 

0 0 041  0 0 | ffl  A A 
A A a4i  0 0 0 A 0 > 
A O 0 O O O O 0 A A 

■owoxuooxoa 


Q-59 


Obviously  no  activity  in  any  area  can  guarantee  absolute  environmental 

RES0000004/MEMOSCOUNC/MGRSEC  purity.  Not  even  nature  does  this.  We  have  trade-off  a we  must  make 

between  our  economy,  social  well  being  and  the  environment.  If  we  are 
hungry  or  without  work,  no  matter  what  our  surroundings  may  be,  our 
Immediate  and  effective  environment  is  unacceptable.  If  we  are  not 
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The  one  major  employer  who  wants  to  be  a part  of  Ketchikan's 
economy  is  U.  S.  Borax.  I firmly  support  their  desire  to  operate 
a mine  at  Quartz  Hill  if  for  no  other  reason  than  my  selfish 
desire  to  stabalize  the  local  economy. 
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CC:  Robert  S.  Burd,  Environmental  Protection  Agency 

Colonel  Wilbur  Gregory,  Corps  of  Engineers 
Bob  Grogan,  Division  of  Governmental  Coordination 
D.  L.  Finney,  U.S.  Borax  Quartz  Hill  Project 
Senator  Lloyd  Jones 


Robertson,  Monagle  & Eastaugh  junfau  officf. 
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your  Administration  will  go  far  toward  easing  concerns 
the  business  community  that  the  State  will  use  regulations 
for  development,  but  as  a hammer  against. 
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* disposal  In  Wilson  Arm-Smeaton  Bay  and  Boca  ae  guaara  ana  agree  inai:  stumping  ot  aeposns  win  oe  near  tne  ouiian  on  cne  sioe  siopei 

fjord.  The  proposed  depth  of  both  the  Boca  de  Quadra  and  Wilson 

with  appropriate  mitigation,  there  Is  little  difference  In  the  Smeaton  Bay  outfalls  Is  the  same,  50  m. 

environmental  effects  of  tailings  disposal  In  the  marine  environment  

between  the  Wilson  Arm  and  Boca  de  Quadra  fjords 
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The  Forest  Service  preference  for  on-site  electrical 
generation;  however,  a southeastern  Alaska  electrical  power 
intertie  with  British  Columbia  should  be  encouraged  to 
assure  continued  electrical  supply  and  provide 
infrastructure  to  help  increase  the  availability  and 
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Governor  Steve  Cowper 

Robert  Burd 

Col.  Wilbur  Gregory 
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i 


1 ball  eve  that  tha  nininq  operation  and  tha  ti china 
industry  can  coexist.  Howavar,  1 teal  that  tha  l-ora' 
Service  should  place  more  emphasis  on  protecting  tha 
fishery  resource.  U.S.  fclorax  stands  to  mako  million! 
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disposal  in  Wilson  Arm  "could  potentially  enhance  productivity  consideration  of  effects  on  the  "human  environment"  to  ignore 
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"Nothing  In  these  authorities  allows  us  to  condition  our  approval 
of  actions  off  the  National  Forest.  Therefore,  we  do  not  Intend 
to  condition  our  approvals  of  the  operating  plan  for  actions  to 
be  undertaken  within  the  Ketchikan  community." 


rl 

rO 


^0 


C • to  • 

o rt  « O <S 
■H  o O X 

w O Q 91  U 

•hod.*-* 

■o  a B 3 oo 

c a -H  3 c 


O *T3 


01  0) 


•s£-Sw  ; 
1^251 
2 ® :*  : 
B ^ u\ 


z y ® x <r 

5$  s “ & 

>•2  “ ® 5 

C * « «H 


a> 


a a 


=>  * 2 P 


® Q>  _ _ _ 

U tH  1.  3 ' fll  pH  QJ  C 

o co  a ui  w o oo  i o 


X »-  O *H  0) 
4J  o C a CO 


* -O  00^ 
C c 

U to  i H 

a c 

a *-H  m 
M H gi  # 

o=  3 

C N . it 

a tJ  C 

" « 2 S 

2. ^5  >, 
5 * 


> c 


O X 


0»  3 


oi  e 4_» 


3 a 

- • K o O 

B O “ !*■  >,  V 

- 2 s g -s  g 

° »£ 
> - a 2 u 

« ° ® z « c 

w « ^ w (8 

® VM  D U 

U 71  Jl  -H  g 

a a x a o 

o»  * 2 " c o. 

S 5 ° B 

O w t«|  o -h 

° ol  « u 
■ £ ^ t 

3 * " g 


° « U „ 

C o Wi  o 

5 2 i. 

" 0)  t “ 1-1 

« ; Of  j 

ttp  U u " 

M " 

*j  4->  T3  a • 

a y O *J  B 

B = ag.2 " 

■j « > j= 


3-”M 

j 5 

i2^ 


-Si 


X *g 

* s 


a 


K X r: 

a a £ 

• » n ll  ® 

oo  ® *o  £ £ d. 

5 V 


e 


3 *2  K 


C/i  4J 


^ E a 


® 3 X a 

*-  4J  g 

o _,  o 
co  ® c 
^ o 
>*  u 


*j  o)  4-»  a a a 


•£  *° 
a 3 
■H  O. 


a ® 
a 

a x> 


■H  » g » K 

n . -p1  o £ 

■-!  « o 


q o a 
w C 


• s 

® **4 


u ® 

e *-» 

5 co  a 

^ fj 


CD  a 4->  *H 


3 

■?  X 


4- 

n 


^ H 

a o a c 

\ V U.  3 


O 4j  «B  X 

4J  «H  *■*  JS 
-H  B 2 


•o  5 2 

3 o T’  a p 

o o > c o 

X P -H  4J  X 
« <«  ij  a ® 

Q D.  01  4( 

X -o  X W 

u a o>  t-t 

> M 00  0)  w 

Is  2^  "S-o 

oo  a o>  a 

>rtua- 

U M 1|  H " ’ QI 


a m 3 c 

•H  -H  O 2 ° 

a a -c  z 

« £ " 2 . « 

X 4J  rH 

Mn.fi 
a >s  a co 

x a *j  w,  t!  M 

« a 3 h S a 

x a B c 

c o **-.  ^ 

O « = u 3 


“■  * t 

a a & 
x *h 
u ^ c 


a 


a <j 
^ a 
o. 
- a 


a.  u o 
3 • a > c 

o i/i  a ^ o 


Q- 186 


4- 

rP 

<-\ 


d 

jC 

Q. 

■D 

O 

<5 

13 

-C 

8 

CD 


« $ 
C in 

I $ 


I o- 

5>  a 

1 § 


<N 

© 

C 

3 

-3 


(0 


a <y* 

© CP  On 

a c 

-rH 

) T>  ^ 


© 44  >, 

4C  *H  >i 

44  4-1  © JJ 

O 4J  "H 

«h  <0  O H 

O 4J  E h 3 • 

C -H  Q1  U 4J 

44  © x © © c 

u E o 44  to  4) 

O ftiJ  fl  E 

Gu  o a u h a. 
a.  ‘ — 


Qj  4->  © O 


CP  I 

c a> 

-rH  CP 
> 

e a c 

J=  10 
E 

•u  c 
o o 

© -h 

T“»  44 

O V 


45  E 
H J >,0 

i io  ru  c © 

45  C - rH  o u 

u O 4)  <0  U 41 

■rH  i-i  Qi  Ui  4)  JJ 
3 iJ  T3  01  C 

CT  <0  45  C T3  -h 

45  2 —I  45  C 

U © in  5 CP  <0  43 

<0  *r4  (0  O -X 

CT»H  JC  c 45  —I  CO 

©0©©.*>©© 
U H (0  -H  4J  H 


E 

43  CO 
4h  O 

45 


4>  I 

jC  3 
4-5  U 
-4  CD 
Cil  pi 
-r4  U C 
43 

H Qj  H 
(0  -H 
CO  45  43 

o iii 
a 

CO 


CO  O 


CO  *4  4)  H H 43 

ftj  T?  a: 

JC  -Q  O 2 CD 

4-5  CD  >i  i 43 

- -H  N i-H 

144  45  O 45  4J  < 

o u :e  x:  h 


■H  c CO  o 45  CO  4_>  45  Eu 

U-J  -H  *B5iwE  C-U-HJOC  C 

■HUDO'OCOD3C  0450 
C 45  OU  45  01  4)'U4J£  CO 

CP  45  O 45  CD  k4  U D 4J  0)  (0  4J  H 

•H  C4J  3 0-4  B O CO  4-5  45  -H 

CT— I > T3  &j  C iH  U £ 4J  J 


45 

-4  o 

JD  4J 

43 

C >i 
O 4J 
CO  -»H 
43  c 
C 4>  3 

43  U 4-5 

U 

44  CO  O 

o 45  a 
4J  a 


3 45 

43  CD 

C rH 

U 3 C4  rH 

CO 

44 

C 

< 'O  'O  144 

44  ID  O 

CO  > 

O 45 

a u T3  45  < 

iH 

43 

45 

14 

C u 

45 

CP  CO 

•H  > 

4-5  * C Qj 

xz 

C 

E *44  CO  O 45 

45  O CO 

in  TJ 

C -H 

4-5  45 

CD  CD  43  CO  45 

44 

k-i 

C 

O CP-r-5  U 

E Qj  ‘rH 

3 

*h  x: 

43  T> 

•h  cm  j z 

45 

o 

C *4H  C 

Qj  14  JC 

O u 

4J  4-5 

C 

s:  o 0\  rH  45  4-5 

c 

44 

u 

05  -rH  4) 

O O 44 

O 

c 

o 

4J  O rH  ro  -C 

O rH 

*r4 

4J  H fl)  U 

-H  O 

CO  4-4 

45  44 

U -r4 

U4-5  1-I 

< 

> 

ID  -rH  14  45 

45  C u 

45 

CO 

CO  o 

3 E 

4C  T3  O -rH  05 

'U 

c 

44  ID  <44 

> tH  O 

iH 

45  45 

45 

O O 

4-5  c 4-5  CP  CO  T3 

45  TJ 

45 

CO  44  ID  45 

45  44 

3 

U > 

Wi  Q 

c 

•H  43  O 43  C 

CD 

45 

3 ki 

TJ  44 

4-5 

Oj-H 

a 4> 

o o 

3 NH  3 

43 

u 

UH  *0  U4  O Q4 

<0  3 

rH 

X -M 

45  > 

4-5  U 

rH  00  o rH 

ffl 

Wl 

0 

C O 

• 

® J=  O 

3 

45  <0 

2 u 

45 

4>  43  CP  4J  rH  C 

45 

ID  45  CO 

>1 

44  4J  >, 

U 

C 

45 

4-5 

O 4J  H 43  45  O 

«44 

0* 

CD  T3  * 

ID 

14 

-t4 

O u 

CD 

c *o 

C C E Jrl 

• 

45 

c 

rH  4)  45 

CQ 

O 4J  -X 

iH 

4-5  45 

• 45 

43  C 

4»  45  E -rH  4-5 

4-5 

kl 

•»H 

id-h  m u 

a 0 c 

CP 

4-5 

4-5  U 

4-5  43 

H E O rH  CO  o 

u 

04 

0 

C D U H 

c 

Qj  45  id 

< 

CD  *H 

O 

U 

U c k4  O 43  45 

< 

c 

O 3 O > 

0 

3 

■H  < 

45  C 

O rH 

4>  O 44  4-5 

CO 

ID 

H 4)  CD  U 

44 

CD  O E-* 

4-1 

t-»  ^ 

a 43 

Qj  U - 45  O 

c 

4-5  CO  45 

ID 

14 

o 

u 'D 

o o 

E -rH 

X -rH  X o 4-5  in 

o 

45 

43 

ID  T3  CO 

45 

>1  a 

45  45 

n C -H  o 

45  > 43  TH  -t4  Qj  -rH 

O 

-Q 

CT3  C 

E 

rH  • 

4-5 

4-5  in 

2 -X 

O 

C U£  n 

4-5 

t4 

45  ID  44 

CO 

O*  45  CD 

c 

4->  U 

CD  CD 

4-5  45  O Qj  rH 

43 

> 

45 

JC  rH  CD 

1 

C > T3 

45 

45  45 

E CD-H 

C CO  43  45  43 

> 

U 

rH 

4-4  -rH  >,  0) 

E 

Oh  u 

E 

rH  44 

3 - 

CO 

43  * U -C  4-5 

u 

45 

JD 

-rH  ID  ID  14 

u 

14  44  ID 

4-5  rH 

45 

CTJH- 

O CP  • 0*4-5  c 

45 

CO 

ID 

5 4J  CD  O < 

44  -rH  3 

CD 

45  45 

a a«w 

3 E 43 
O o CO 
U U 


45 

14 

fH 

45  rH  < 

45 

-rH 

44  ID  45 

O*  44  -H 

44 

c 

c 

1 0 

© 3 CO 

iH 

>1  © 

45 

45 

> 

44 

-rH 

iH 

45  > 

rH 

3 O 

CO 

C H C 

CO 

45 

ID  45 

C T3  | 

0 c 

rH  »H 

44 

14 

Qj  u 

ID 

3 •* 

0 

CD  in 

HIWOC 

ID 

45  O 3 

•H 

J x: 

CD 

0 c e 

Qj  *H 

© «H 

c 

O 

3 

45 

44 

m c 

O 4»  -rH 

O 43 

4= 

a 

iH 

iH 

44 

44 

U O U 

a 

44  © 

© 

CO 

CO 

CO 

ID 

• 

a co 

2 

•»x: 

•D  Qj  45 

45 

O 

44 

c 

O < 

3 »H 

x:  u 

E 

• 

c 

rH  .* 

lu 

lu 

44  rH  C 

rH 

45  3 4= 

44  UH 

CO  45 

45 

* 

© © 

U -H 

C 

44 

•rH 

44 

44 

T3 

ID  -rH 

X 

3 44 

N 

c ID  45 

45  TO  CD  44 

O 

45  > 

CO 

© CP  c 

© 

© E 

O 

c 

CO 

CD 

45 

U JC 

Qj  CO 

44 

45  iH 

44 

H 

ID 

CO 

iH  05 

45 

©CO 

>1  O 

m 0 

iH 

© 

45 

45 

44 

45  O 

u 

4> 

iH 

O 45  rH 

-C 

> 44  x: 

iH 

44 

4)  -H 

iH 

3 *H  © H Qj 

c 

1-4 

£ 

• 

14 

14 

-*H 

T3  44 

to 

45  iH 

<D 

iH  C rH 

t) 

O C 44 

ID 

c 

44  rH 

a-H  > -j 

iH  © 

© 0 

> 

£ 

14 

O 

0 

c 

45  45 

45 

J=  0 

3 

45  -rH  -H 

45 

iH  4)  -rH 

4C 

45 

C 4> 

45 

ID  © *H 

© -rH 

-C  0 

c 

O 

2E 

Du 

Cu 

O Du  X 

Q 

tH  Du 

0 a e * 

ffi 

Qj  E £ 

U 

E 

HH  43 

iH 

> 2 ^ rH  T3 

E-.  © 

© 

O 

£ 


I 


i 


i 

r 

1 


I 

o 

u 


I 


I 


l 

? 

9 

z. 

5 

I 

CD 


C 

s 

i 

c _> 

f 

I 

o 


£ 


I 


i<^ 

r\ 


§ 

Tj 

o 

<3 

■3 

c 

r$ 


1 

2 


a 

*- 


5 

a 


0 

£j 

5 

Q 

<1 

O 

0 


r$ 


3 

5 


- c^i 


2 


Q- 187 


<o 

m 

cl 


v»  a 
o > 
<L 


C 3 10 

3 x 3 

^ cr  n - i i 

3 c s >-  l — x x 

x O V 3 3 5-i. 

X — 1 V-  r—  IT  O C 3 

a-  0 4-  3-4-0 

G.  L v 3 3 CO 

J-  (L  ? - O 

—»  4-  -—  x a c cv- 

3 x *-£ry  oo 

o 3 o u o x 
X -x  -o  — a x 4-  a 

10  np  (D  t;  p 

W'Dt7'OOtJ'3lD 

♦—  a.  c cf  cr  4-  d 

o:  i-F*  a.  o -x  x 

c tr  as  hh  tn  o 

O O tO  X 3 U 

X.-  4-  (L  - 

-i-  j-  x r • — x-D 

T 1 O U i >-4-  -x  (L 

X a C d-H  3 4-  V-.  — ' 

a.  a -4-  tr  3 ^ ■— 

Q.X  ST3  t ^ V O 
o 4-  x — a 3 u a 

^ 3 3 -x  to 

O'  G.  >»  a 3 c; 

3 0.  tA.'r3  SU3 

■h  3 r ■ c:  t a e » 

3 o a o e a o O' 

-x  U E E L C TJ  C 

E a x T)  O O -x 

x — v-3xuo3 
to  o 3 a.  0/  -x  -x 

•*-*  O 4-  3 

X 4_<  to  aJ  a S4J4J  £ 

J-  X O L-  rx  c 3 a, 

a - — -x  33  a.  O X 

v-  e x-  3 4-  a a 
o -x  c;  pj  a>  h 3 
j-(tc;a3PJr-*Q, 

3 x 3 in  anv- 
O (L  3 O V!  to 

--■  4-  4-  3 tO  Qj 

4-  Q.44  h jJX 

T E£  4- 

p t era  at r xj  c 

3 -x  X 3 O TJ  V-< 
T3  C.  P4,  E 3 -x  0 
TJ  3 a '-"D 

5- H4.  P >H  Pj 

X > X X r—  O'X'  Q, 

qj  o c to-H  c;  x 

4-  pj  o O — 3 r-  - J- 

CLT3  •«-*  3 > 3 o 

O'  4_  0-4-/  -X  H X 

^•04  C E <DH  P (0 

0—4  O Qj  -r4  X 
x-  3 3 > 4_  Pj  3 4-> 


Pj  3 
TJ  O 
<TJ  >•  3 
3 O O' 
0»  >-  3 

Qj  to  a 3 
■d  e ap 

(L  O (L 
«TJ  4_  X <4 
Lj  to  3 
O >.P-4  O 
CD  to  L» 


to 


to 


O'  Pj  tO  tO 
3 d H 

•r"D  O’ 

— ’ a 3 X 
••“*  E 3 a 
3 3 X X 
4~  3 U 44 
Qj  O 
CL'  P-  CL 

X O to  T3 

44  Vj  Qj  3 

X 03 
O'  Qj  44 
3 X <L 

.-J  44  Qj  to 

a.  x Qj 
E 4J  3 X 

3 U E 4J 
TJ  <L 

4J  ao 

OH4J 

O Pj  Qj 
O.X  3 
3 O 

O O Ox 

4—  3 • 

-x  <L  3 X ■ 
tO  3 O Qj  Pj 
O 0-r-"D  Qj 
CLTJ  4-  -H  -x 
■H  CP 
to  a.  to  c 3 

- jo  o o o 
c au  p 
a.  3 v- 

Pl)  3 Qj  <L 

U X > 44 
Qj  xj  3 (0 
X PJ  Pj  TJ 
Qj  3 O'— 4 


a 

X X 

O 

a tj  a 3 

a 

> x » 

3 

3 

a 

3 

>.  x d a 4-  o 

x*  a a 

X to 

X 

aiDTJLH 

x 4-  a > x 

5: 

O 3 

Xj 

4- 

3 a 

V-  • 

O 3 XX  3 

Cv 

CD  X 

-X 

3X^X0 

o 3 

O-X  3 0-0 

XT 

3 

X to  X X 

X 

Q.  * 

a 3 

a — 

a 

4- 

3 3 «— < — 

4-  t/J 

3 -—■tO 

O x 

> 3 

> 

3 

3 

5 x o*  a 

to  3 

to  *3  x — ■ — 

3 C 

3 X 

r-> 

x 

x 

o 3 a 3 

O 

C - - XT 

O-  CQ 

tO  x. 

o 

X 

3 3 E V-*  -X 

a < 

H 3 CO  J J- 

O 
3 U 
O i 

ro  -X  to 

X (0  Q> 
tO  r-  Qj 
3 > 3 

-r  o o- 

3 

V PU 
O Qj 

44  44 

Qj  03  O 

44  2 X 
3 Pj 

44  < 4-J 

co  a.  to 
U3-X 
- Q 

Pj  Pj 
0)0- 
0.44  >s 
3 U PJ 
O Qj  O 

upct 

-«H  Qj 
0)0  P 

> o 

Qj  - 
x 03  Pj 
WP  3 
3 X 
PJ  CD  — ' 
O X 

3 X i 
Pj  X 
Qj  0)  • 

> X — ' 
O O O 

o a:  u 


u 

u 


<0 

m 


r~> 

Qj 

3 

3 

rj 


a 

3 

£ 

X 

3 

X 

o 

CD 

If) 

d 


Qj 

Od 


\ 


to 


TJ 


3 Or 
XL  U-h 
O XX 
r>  • a o 

COT)  J- 
03  *0.0/ 

LDLL 


X 


X 

TJ 

Q 

Q 


U.  — 

>.  (C 


to 

•X  V-» 

z:  o 


a — 
x TJ 
4-  in 
o 

3 Q. 


44  T3 

U 


TJ  _ 
X to 
O 

cq  a* 


3 Qj 
O E 
O 3 


a.  jj 

E TJ 
•x  2 


0-  3 
— • Qj 
X > 


TJ- 


X O' 
Qj 

T3  CO 
-x  TJ 
to  » 
3 

O <TJ 
O Qj 


X TJ 
3 

Qj  tO 


Oj 

- 3 X 

<L  O (4  ! 3 

T3  — 1 3 O X i 
3 TJ  10  X XX  0 3 0 
4-  O'  CL  O 0 3 

-X  Qj  3 3 H tO  M 

d X*  -r+  O Q>  >»TJ— * 3 
O'-X  X X E to  -x  3 
TJ  to  HD  X O O ^ 
E334-03X  x* 
5 TJ  X O tO  0)  Qj 

tO  O — - O'  CxX>- 
• — 3 T3  O:  rj  xj 

X Qj  -x  Qj  to 

XTJX  O tO  0)0  3 TJ 
3 — X O X Qj  O 
X TJ  U ax.  tO  X 

O X 0)  Cl  O • Qj 

Qj  O 3 O.  Q.TD  X 
>,— J >.  tO  — • O — 1 X 

— J D-  O'  U Qj  X Qj  O 
X O 3 4-J  tf)  X QrX 
TJ  Qj  -X  to  -x  X T3 
-x  Q.  X 3 >-  3 

L>  TJ  T3  to  — J — < — t fO 
Qj  Qj  L)  3 -X  X I*  ' 


S 

— * T3 
— ' 3 
TJ  TJ  *0 


• to 


U to  X 

Or  Qj  O 

CLX,  > 


3 G. 

X > Qj 

O X 

x a 
c • CLX 
to  0.4- 
CO  TJ 


p- 


a a 

QrX 

clx  m -x  x 

3 

a a 

- 

»^x 

n5 

tO  4-  4-J 

X 

3 * 

X 

o x 

a a v* 

o 

a 

X 

a 

MX  OM 

X 

a 

> 

CL  S 

> x 

- O xj  O 

CLX  3 

TJ  3 

a to 

Xj 

Qd  — 

O'—* 

XX 

to 

3 44  to  TJ  — ■ 

1—4 

U 

TJ 

3 3 

a 

-X  U -x  3 — 

<—4 

V4  O 

E a 

•x  U 

•O 

> 

E 3 3 *< 

3 

O V- 

O-x 

3 -x 

3 TJ 

X 

q.  a O 

X 

a v- 

-x  v- 

3 a 

a 

3 E x to 

a 

O'  a 

a x 

E r- 

X 

a 

-x  a 

3 3 

o X 

U 

3 3 

a 

44  x a- 

04 

■x  3 — i U 

x a 

M ^ 

TJ 

3 a xj  x to 

-X 

X H 

CD  o 

x o 
TJ  Qj 
Q>  X 3 
X TJ  O 
TJ  Q)  -x 
X X 
3 O'  O 
TJ  3 


3 X Qj 
-x  4-J  6 
O 

3 - to 
Qj  TJ 
CLM  X 
Q.  tO  10 
TJ  TJ  TJ 
X—  Qj 


X 3 Q. 

O'  Qj  > 

Odd 
XX  2 
X o 

Qj  X 

TD  > 
a,  tj  - 
— X Qj 
— ' O' 

TJ  X 3 
O Qj  TJ 
> X • 

O Qj  U 4- 

(0  O 
•DO  D 
X — ! X Q. 
0 3 E 
O Qj  -x 
3X4- 
O tO  TJ  Qj 


to  . 


XX  XTJ  TJ  X X 
X £->  3 XTJ  D Qj 

Qj  X O Qj  X Qj  X E 


T3 

rX  X X 

3 O TJ 
O 

Odd 

> 


3 U O 
X Qj  O Qj 

4-  -r— > 44  O 

3 0 3 

H X Qj  TJ 
X 3 Qj 
O'  to  X 
3 tO  tO 


4-/  — . C 

Qj  TJ 
—•3  3 


Q- 


188 


X 
3 T3 
X Qj  r 


X H 


4^  3 


3 tO  • 

Qj  >,  Q.  tO  <L 
(L  E X L X 
X O 4-  L- 
3 3 to 

to  o d O -H 
TJ  L-  ^ U 
X Q.  3 Qj 
E >•— 

O 0)  x 4^ 

-X  X 4-  4-  4- 
o to  -X 
3 3—* 

TD 

■*  3 tO  (L 
4— 1 — * -x  3 E 
Q)  3 -x  0 3 
1 5 O -x  U 
U 

X Qj  Qj  >■ 
5 p p d' 

0 3 a xx 

x 3 4-  > — 

r=  3 C X ^ 

J H I 

c x- 

0)  4 ix 

X > ^ 

^.Or-P- 

U X O'  O E 

r-  O 

<T  tj  v>  r p 
-<0  3v- 

v-3  r- 

SC3  ere 

< x X Qj  X O 

o 4-J  10  X 3 x 

X to  -x  E O' 

PH  3 X-  44  a. 

23  4-  X 

< * 


TJ 

3 to  . 
3 3 
X 
O' 

3 X 


3 * . 


Qj 

X 3 
44  3 O' 
Qj 

X 0/  x 


C 3 W -o 
O 0 3 
3 


5 TJ 


u 

x • X x 

a -x  — 

to  L Q X 
•x  - X 3 
X 5 4-  Qu 


a c. 


to  o -p  3 . 


r t 


e r>  to  — x o 

3 X a to  3 4- 

v-  l x q. 

TJ  X E T? 

O'  Qj  3 X Q.' 
3 U O Q,  L.  3 

x x to  E x x 

a o Q 3X3 


CQ  ' 


tr  i 


TJ  d 3 — 


d >-  Q- 
x = a -' 
- L O 
3 3 X 
3 -x  3 Q. 
O — 

•x  Qj  to  a 

xj  X x IT 

3 3 tr.  a 

Q,  3 X 

E -0  4- 

s a 

OX  4- 
4.  <.  >~  T 


o o 

3 3 X-  1 
— 0 3 

- - o 
a ^ a. 
to  X Q. 

3 “D  4-  3 

c a r.  3 


X 3 X to 

4-o  a 
c q >* 
3 3 

x >.  O 


to  a a 3 

4-/  > x a 

L X 4-  X 

a Xj  H 

r—  3 3 C 
O — O X 
x c tr 
a.  x 4-  -- 
3 v- 
X Q Q 

ax  e c 

> 4-  a x 

-X  O'  4- 

X 3 3 


TJ  X O 

a to  w- 
tO  O'  3 - 
O 3 - T 
CL  — X 

0—4-4- 


o.  3 a - 

4-  X 3 

a O'  a 

XV-  X 
fc-  O 3 3 


^s: 


vfi 


Q- 189 


Si 


J 

NJ 


t * 

° t 


t— 

:n 

£ 

o' 

N 

v 


© 

<r 

<r 

«r 


i J 


sX  ""® 


««  CD 

»■ 

d H 


i 

8 


ill 


vA  ^ V 

i,  i; 


1 


v-° 


5 

v/ 


r- 

**> 

Ci 


4* 

« 


00 

On 


NO 

CM 

«> 

5 

►» 


o 

C Os 
O0  Os 
no  os 

IE  mjS 

vc« 

W -H  CO 

• *0  rH 

< 

f Is 

«£-h.2 

■a  jd-H 

U'Cc 

CO  ft)  O 
••0  4* 
hi  • ft)  ft) 


■h  a 

si 

M *n 


v 

I 

0 ►*  <-t 

3 +*  -4 

on  n 


*hc 
• o 
c 

*4  C 

BH 

<a 

■ 0 


CO  ft)  ft) 

&S3 

•H  C 

o c o 

« — IS 


0 

ce 


hi 

a 

4) 

Q 


552 

« **  e 

51- 

4»--»S 

S'V 

h e 

o 0 0 

n 5 o 

4»  0 ft 

S?5 

52U 

0 n n 
o o 
8 0 1 

C • n 

55s 

4»  a 

® C flJ 

«l  OH 
M ■>< 
O »H 

* C/3 

ftC  CSh 

4*  «H  O 
•O  tt  0) 

5C  c 

«H  O 
4*  C 
« <r-i  03 
(4  fl  4* 
O b 
•O  (4  O 

§«>  a. 
4*  a 

V4  3 
HOD 


5S 

*0  TJ  TJ 
•H  4)  H O 

'’SSfe. 

5 0 * n 

000 

4*  0 hi  0 
OO0>-I 
C V 

M.J 

B Oh 

IsSS 

u.iS 

0 

0 tO-O  hi 
“ 0 


ccc 

4»«4  0 < 


080  0 
0 a)  0 x 
3888 

o e 
u 0 0 0 

0 X e.  hi 
X4»  0 0 

0H«  t • 

S«H 

0 o 

•H  0 

X 4»  T)  0 
4*  C-t  • C 
O 388 
0 o o ft)  ns 
0 * 4*  3 

0 O 0ar 
O +>  n C 
ft  SO-H  0 
ftX  CEO 
O Ml-H  0 
3 -H  4»  0 
< O -H  C O 
ft  C 0 O O 

u t)8  on 


0 T3 

££ 
0 0 
4*  X 
C83 

-4  0 

sjs 

0 0 
► 0 

J3€ 
«8 
M * 

>*0 


-4  ft 
OU 
o 

co  0 

c5 

5 4» 

f x 

I4* 

O W 

r8  b 

Vh  81 


0 4* 

X c 

4»  0 


o o 

u 

b -H 
0 > 

<S  c 
s 0 
0 

B 0 

X 

0 +» 

0 c 

<-H 


0 

4» 

0 


b 

ft 

ft 

0 


D - 

Is 

Ui  2 

*1 


r*- 

00 

a> 


^ § 
q 5 


i * 

ir 


Q- 190 


RECEIVED 

KETCHIKAN  AREA 


I 


A 


LU 

¥ 

a. 

< 

o 


ui 

z 

UJ  a. 
_l  U1 

ir  z 


< 5 
2 O 


0> 

<M 

01 

01 

0> 


UJ 


13  oo 

z _ 
< r- 
a.  o 

5 2 


x 


©i 

hr> 


Cl)  CT 


P w • 
© > - 
E ^ 
p 

p t: 
p c 
P 


? Q. 
P © 


XJ 

P 
CO  C 

CD  p t-3  >-. 

>>P  X O 0)  r-i  ■ 

EH  P ©-*  © > © P 

p C © Cd  2 Cd  P 

P IT  E P P C © X P 

•pi_  cd  P-  xj  p p © 

E « rH  Cd  S>  O X CD 

X P >7,  P-X  "P+^'H-P  >jrH 

2 P p COO  o rc+’.o 

ro  cd  © © cd  P c p-i  cd 

2 -P  - 0)  ©POP 

o js;  © E X to  op  id 

P © © 


p 

a c 

© -p 


© © 

x 

p © 

p 

«W  O 

O E 

c © 


p 

*- 

K 

© 

© 

P 

c 

cd 

© 

P 

p 

P 

c 

C 

P 

ro 

© 

cd 

cr 

O 

vC 

© x 

x 

> 

o 

p 

P, 

© 

o 

• 

c 

o 

2 

P 

r 

KN 

X! 

CM 

p p 

p 

P 

c 

o 

tiC 

p 

c 

a 

p 

© 

p 

cd 

© 

o 

CP 

cd 

X3 

c 

XJ 

p 

p 

T-» 

X 

E 

\ 

|H  C 

«p 

CO 

ro 

P 

p 

o 

c 

o 

cd 

© 

c 

\ 

o 

c 

rH 

© 

'C 

2 

p 

•< 

D 

P 

P 

cd 

cd 

\ 

p 

p 

•P 

> 

i — t 

O 

p 

© 

P 

•e 

o ro 

p 

ro 

•H 

p 

* 

m 

cd 

X 

P- 

>5 

© 

X 

C P 

© 

© 

P 

c 

© 

c^- 

cd 

c 

E 

p 

cd 

1 

c 

x 

P 

c 

o 

? 

c 

© 

p 

P 

H 

2 

>1  © 

-p 

o 

p 

2 

o 

cd 

o 

o 

© 

P 

ro 

O' 

' E 

E 

i, 

X 

p 

p 

© 

p 

cd 

K 

X 

© 

P E 

© 

O 

p 

X 

< 

P- 

p 

p 

© 

\ 

2 O 
<p  O 
© 

the 

the 

tLl 

c 

P 

P- 

p 

cd 

X 

cd 

p 

o 

p 

c 

o 

E 

p 

Ji 

© 

o 

CO 

p 

c 

X 

cd 

r^* 

© 

©P 

rH 

© 

p 

P- 

•H 

xi 

p 

c 

© 

---. 

o 

c 

c o 

c • 

X 

•P 

© 

P 

c 

c 

cd 

P 

cd 

c 

0 

c 

•p 

• • 

x 

•p  p 

© 

tf 

© 

© 

c 

p 

c 

rc 

© 

c 

p 

cc 

^ \ 

\ ^ 

o 

p> 

w: 

c 

x 

c 

© 

P 

P 

p 

p 

-«H 

X 

p 

X 

K * a 

CO 

p 

c 

o 

x P 

© © 

C 

© 

p 

«H 

c 

cd 

X 

E 

c 

© 

p 

TO 

C P 

C E 

P 

© 

X 

W) 

K 

© 

© 

P 

cd 

© 

^ p 

x 

co 

x 

T- 

c 

(C  c 

■p  p 

P 

c 

c 

P 

cd 

•p 

p 

2 

p 

X 

© 

p 

© 

P 

c 

<— 

c 

x 

* 

B c 

o 

*p 

cd 

p 

P 

P 

o 

C 

P 

cd 

iH 

p 

p 

"3 

p 

•r- 

CD 

c 

>> 

o 

E 

p 

o 

p 

p 

o 

c 

cd 

© 

2 

© 

V P 

© 

2 

CT 

*-3 

x = 

E E 

© 

P 

© 

CP 

2 

cd 

■H 

p 

E 

© 

C' 

• 

© 

X. 

c 

cr 

p © 

cd 

© 

© 

© 

CP 

i — i 

P- 

. — 

X 

c 

p 

p 

X • 

P 

P 

cd 

• 

© p 

C rH 

x 

x 

M- 

• 

p 

r-1 

p 

© 

< 

-f-1 

T 2 

C 

rH 

X 

* 

P 

p c 

© Cd 

p 

P 

CO 

u 

P 

-r- 

•H 

p 

c: 

r 

x 

&- 

cd 

•p 

cd 

E 

© 

X c 

< 

<d 

P 

• 

• 

cd 

H 

© 

c 

— 

P 

P 

x 

P o 

X)  o 

P 

© 

p 

p 

>> 

p 

cd 

w 

c 

c 

© 

V r"‘ 

cd 

• 

© 

o 

© 

P 

•r— 1 

o 

© 

© 

P 

© 

© 

cd 

© 

p 

P 

U c 

* 

CO 

re 

p 

cd 

© 

X CM 

rH  P 

Cd 

© 

© 

c 

© 

© 

E 

> 

© 

1— 

c 

p 

o ^ 

X 

• 

© 

© 

t — 1 

© 

CM 

c cd 

rP 

X 

c 

P 

> 

•P 

p 

•r- 

© 

c 

S3 

X) 

< 

3 

<C  = 

E 2 

IP 

D- 

p 

L 

p 

E 

© 

o 

P 

P 

3C 

E 

j >c 

GO 

CD 


s 

o> 

Tl 

* 

< 

z' 

$ 

I X 

o 

h 

UI 

* 


Q- 191 


A 

> 


r- 

oo 

On 


V£> 

<N 

<u 

c 

P 

•P 


0) 

U 

P 

A 


P 

o 

X 

J-i 

O' 

< 


U-l 

0 


C H 

03  O 

E on 

X ON 

^4  ON 

03 

U CL  03 

0 03  o>^ 

CD  Q C 03 

•H  X 03 

C > CD  73  x 

fl)  ^ fl)H  < 
03  0)  X X 
^ dflj  3 ‘ 

U P X CQ  C 

m to  o3 

C X x. 


■H  4J*D  03  X 
2 m 0)  uj: 

0)  X 03  U 
• U A 73  X 

^ 0 C 0)  0) 

E Cn  D Du  X 


03 

03  A 
U 4-> 

o 

E u-t  c 
P 03  0 
C -Q 
03  X 
73  to  C 
X 0)  03 
>.  0>X 
H 03  X 

o a oj 


03  O 


03  X • 
03  03 
•O-H  4J 
03  U C 
73  03  03 
73  X E 

03  03  03 

E X 
73  03 

C 44  X 
03  O W 

4-» 

>1  u u 

M 03  03 

03  4J  a 

> 0)  E 
O X 

0 X 

01  O'  <— i 
X X 03 
73  -C  X 

c 

03  >,  03 

4J  ^ E 
•HOC 
X 0 
03  a H 
U I -H 
C H > 
•H  p C 
ai  O 0) 


X X 

•H  03  O 
03  £ 0) 
0 X -r-» 

a o 

03  O H 

T3  4J  a 


c 


0 

c 

•«. 

•H 

03 

03 

03 

U 

0) 

03  X 

O' 

03 

43  U C 

c c 

0 

•h  73 

03 

C 

C 03 

C >1  pH 

XJ 

0 0) 

•H  *H 

pH  44 

C 

X 

0 

0 E 

•H  pH  03 

E 

01  43£ 

E 

pH 

pH  73 

X 03 

X 

CD 

•H  WJ 

X X X 

73 

*r"»  *H  ^ 

4-»  4-3 

•H  ^d 

pH  C 

•H 

H 0 

•H  03  C < 

t—i 

0 

0)  C C 

5 0 

03  03 

73 

c 

•pH  pH 

X 44 

03  U 03 

D 

H C 

x:  03  03 

0 

03  03 

•H 

£ 03 

•H  C 

4J-H  £ 

C 

0 

a o • 

4-»  E 73 

0)  pH 

<D  - 

U -H 

X 

£ -H 

E C 

0 

•H  73 

*H 

pH 

In  03 

03  73 

O'  • 

03  C 

03  O 0 

03 

03  4-»  03 

73  0 01 

a o 

03  03 

X P 

P 03 

X 03 

0)  £ C ^ H 

c 

x:  03  N 

C pH  03 

0 4-3 

•H 

$ x 

pH  U 

X £ 

• A 

43  0 H 

•H 

0 

43  U -H 

03  a H 

03 

03  4-> 

03 

a 03 

c 

X X 

U > 5 

•H 

0)  03 

E 

a>ij-H 

03 

VM 

CD  0 

X 

a 0)  c 

-P 

J a 03 

- 0)  0) 

03 

c 

•H  >,  C/3  rH 

X lH 

03  73 

P 03 

c 

03 

0 0 A 

pH  X3 

03  3 

p 

pH 

- 0) 

lH  X 

£5  C 

4-3 

•H 

U 

pH  a 

pH  03 

03  A 

• 4-* 

X 03 

X * 

0 > 

03 

CT  03 

03 

•H  C E 

•hx:h 

03  O'  4-3  Vh 

oj 

*PH  X 

0) 

a c 

X 

C 0 »H 

T> 

a 

03  *H  03 

3 4J  pH 

A -H 

U 0 

pH 

03  03 

pH  0) 

a 03 

P * 

•H  £ 03 

03 

0 

H 

•H 

Eh  A 

o)  ax 

0 pH 

- 

p 

0 01 

.*  U 

03 

0 03  03 

4-3  44  ^ 

•r~>  a 

03 

a a 

^ U 

03  X 

• 

0) 

U 03  03 

0 

73 

43  U > 

•H  0 

>1  0 0 

i—4 

03  E 

0 03 

X 

03 

3-(  X 

03  X > 

a c 

C 0 

0) 

• C 

u 

•H 

73  0 

Z -id 

X 03 

Jd 

o *o  £ ^ o 

03 

03 

73  0 

03  4-3  U 

4-3  03 

ax 

03 

0 

u 

03  Ut 

03 

p 

•H 

03  0) 

03  U U 

C 

0 

> 

pH 

0 

X 03 

E 

x x 

C 0)  0)  T3 

4.3 

0)  X3 

03  0 

03  C 

03  *n 

03 

03  C 

• ^ 

X > 

03  03 

-H  X3  -C 

c 

C 03 

* a 44 

E 5 

A 

In  03 

03 

0 

0 

•H 

4-> 

03 

03 

x:  4-3 

03 

>1  0 

A 44 

A 

03  03 

pH  0) 

0) 

X 

44  03 

03  T3 

U 

E 

01  43  0 

03  4-3  .id 

0 73 

0 

C 

C X 

X X 

x Q3 

X 

03  »— i - 

03 

a 

x:  c 

> c u 

pH 

44 

03 

•H 

03  X 

X X 

c 

0 X 

E P 03 

0 

•P  o c 

0 03  0 

a 03 

0 03 

E 

E co 

> 

a x 

0 

4-3 

0 0 *H 

03 

rH 

03  03 

u u 2 

E > 

E 

>i 

03 

•pH  lH 

•pH 

c 

O 

O' 

03 

ON  o 

a-H 

0)  0 

0)  H 

0 

0)  X 

03  0 

0)  03 

CD 

0)  0 

•• 

c 

> 

c - 

E«  * 

E 

u a) 

pH 

X 

0 x 

X X 

•pH 

E 

n o 43 

•H 

0) 

•H  >,  - 

•H  *H 

4-3 

P 4J 

a 

Eh  X 

c 

X 

u 

-H  4J 

4>  03  UH 

73 

N pH  03 

c - 

03  73 

03 

E 

c 

0 0) 

X 

03 

4-3  C 

03  H 03 

•H 

HXH 

E O'  03 

x:  c 

0 C 

03 

03 

O 73 

C X 

73 

0) 

•H  03  *m  03 

«4-l 

C 03  A 

P *H  Jd 

4-3  03 

pH  -H 

• E 

•pH 

X 

03  a 4-3  0 4-3 

0 

O'  4-3  03 

C CO  CD 

u 

>1 

o c 

73  > 

0) 

- 03 

C 43  U 

0 *H  -H 

0)  03 

c a 

c 

73 

•H  o 

^4  0 

03  • 

X 

4-3 

03  03  a 0) 

CD 

U 44  >73  03  rH 

0 P 

>1  0 

03 

X lH 

03  in 

X X 

X 

X C 

•h  x: 

x: 

4-3 

03  0 

X3  < 

C *H 

03 

03  -H 

p a 

C 03 

03 

03 

U 43  d)  43 

03 

• 

Jh  U >,  >,  03 

4-3  Jd 

03  A 

A 

•H  > 

O' 

03  03 

C 

03 

to  x: 

0 

CO 

a pH 

pH  £ 4J 

c u 

03 

03 

pH  C 

03  pH 

E 0 

0 

C XI 

rH  4-3 

4-J 

U 

03 

44  pH 

0 0 01 

03  -H 

O' pH 

03  0) 

X pH 

£ a cd 

-H 

03  03 

*H 

0) 

0 73  03 

E U 03 

-o  a c o 

a 

03 

03  *H 

0 01 

03 

£ 0) 

x:  m o 

fH 

pH 

03  O 

0)  03 

c 

•H  03 

0) 

3h  O'  03  5 

0 X 

03 

X > 

43  0 43 

CD 

*H 

03  C *H 

H A A 

03  0 

U -H 

0) 

C 

73 

U 

03 

a 

CO 

03 

>1 

U 0 E 

0 A 

ax> 

P 

jd 

03  *H 

>iX 

M A 

>i  0 CD 

0) 

u 

pH 

C -H  0 

44  C P 

0) 

73  U 

X 73 

1h  03 

E CD  73 

X ^ PH 

03 

4-3 

03  4J  C 

03  0 

73  0) 

P 

0 

C 

03  X 

O'  C 

«•  CO 

a o 

> 

C 

43-H  0 

43  UW 

pH 

Jd  0 

X 

0 P 

> X 

X C 

OJ 

03  V4 

T3  0) 

CO 

0 

03 

H CD  U 

0) 

03  XI 

M 

X o 

03 

P -H 

E 03 

0)  pH  D>*H 

O 

0 0 03 

Jd  H C 

0)  03 

0 44 

73 

lH 

c 

a x 

O 

•H  X 

pH  03  03 

0)  -H 

a a 

t4  pH  *H 

V4 

* 0 

0) 

73  »h  73  0 

X 

X 

4-3  pH 

•Q  03  4J 

4J 

x:  44 

E c 

03  *H 

03  0) 

0) 

03  P 

03  -H 

03  03 

E 

0 

E 0 C 

U 

4-3 

•H 

*H  0)  *H 

E E <13 

A 

M 0) 

c 

03  03 

lH  X 

CO  X 

0 

0)  73 

03  a 03 

03 

c 

A 03 

c 

03 

03  14 

C 

P 03 

03 

c 

•H 

CD  CO  > 

a73 

CP 

0)  £ 

03  73  0) 

*H  4-3 

X 03 

03 

0) 

01  p 

0)  E 

0 

x »h 

CD  -H  73 

E 

C -H 

A 0 0) 

A C U 

A 0 

4-3  £ 

X 

0)  X 

cd  er 

X u 

0 

H 0 

<0  T3  03 

•H 

<0 

CO 

Eh  43  M 

A 03  CD 

A C 

0 03 

X 

5 X 

03  03 

a < 

03 

*0 

h 

p 

ffl 

w 

X 

lH 

0) 

X 

0 

a 


x 

u 

o 


>1 

o 

cr 

03 

u 

o 


H C 
P 03 
X O' 
•H  O 
X 1h 


X X 

0)  o 

C 03 
O 

H • 

o n 

U £ 


e « 

a.  h- 

£ E 


m o 

4-»  m 
L.  f— 
<0  «*- 

>» 
K <C 


4/4 

c 

£ 

i 

£•=>!  *P 

X p- 
<_>  *p- 
t-  2 

_ CTV  . J 2 

<o 

o 

£ *5  £ 2 

0/  c 

tn  *p- 

o 

-P  — ^ w 

, £-</>*'! 
«/>  2 ^3 

I A l !3 

“ujUtj" 
o « c = 

’ ^>-0  "o  H E 

: 2Z  ai  <->  , 

[5  » S E*- 

'oils’ll 

■>  3 = < 

> - * j 

, c C5  . (U  J 

uf  i 


£ 3 ■— 


—■  T u o 0) 


ff  U;  "o 


ai  --  . 

<ti: 


«3  O 
> o 
o 

CP  >» 


Q- 192 


> 

> 


I 

1 

t 

s 

i 

* 


r» 

co 

O' 


O' 

OJ 

Q) 

C 

p 

p> 


p 

o 

© ® 

-H  P 

> o 

p p 

© rH 

a p 

P o 

rH 

w -h 

-P  O 

p 

© O' 

4->  O' 

© O' 

© < 

P O' 

© 

o 

P <w 

IP 

O 0 

to 

(p 

rH  O'* 

4J 

© C © 

- G © 

G-H  to 

C © U 

O V rH 

© 6 *H  -H  H < 

© 4J  > 

P -H 

P P P 

© P - 

U © © 

2 ® C 

a co 

© 

c © 

© rH  * 

-h  a .p 

© © *H 

^ © 

© p s: 

• © 

O'  © u 

• C0  P 

CT3  4J 

P . 0 

0 © © 

S D b 

H In  « 

M4J  fl)  C O' 
•H  C G M C 
di  -h 
X ! 6 

2 o a>  • 

O _ 

IH  o o 
«-!  JUl 

® S B 

C 0>  ® 4> 

a u-Vt) 

a « xi 


CO 


-P 

c 
(1) 
g 
g 
o 
* o 

a) 

u 

© 

®s 

3 w 

a 

- p$ 

p 


4J  © 

m <o 
© .c 
co 

p 

© © 
- 4-> 

< -p 
(X  a) 
w •-* 


w 

a 

p 

o • 
o a) 
u 

>1  *p 

ES 

u 


o%H§ >g 

ug^oS 

2 l o<^  o O 

C P C rH  Jj 

® 5 PHZj  « C 

'O  w ® ^ o 

*?  ,-l  (0  -H 

« n a-u 

>H  m 4J  4J  4)  o 

o ® C to  41 

*•  £;  4)  (0  a 

O g 3 j, 

•P  C Ol  S 4> 

03  O xj  > 

85 -is  s §3 

04J|S  3 

® ® 

U C 2 4)  E ” 
cosh  „ 
* ft  Q « - « 

® in  £ h t. 

^ £ « a ^ ^ 

O W © -*J  a) 

ft  ^ -P  m ^ 

%4  S ► C .2 

2 © a)  p 

*3  « g a 

2 tj  a P 

•g  a)  ® o © a) 
g © .c  rH  .c  .c 
© -P  © -P  -P 

® >o 

CHCDCC 
O ftOTJ  fl  O 


C © 
© P 


£ -P  < 

*>  £ 

(0  WH 

c a 

O01D3 
03  0* 

© .C  TJ 
^ * P C 

g « 

6 C 

• O c 
© ^ o 

O 4-1  *r  +* 

•C  <0 
P P 

2,  § © 
© O > 
T3  U © 
P P 

rH  p P ^ 
OOpH 

cao- 

*H  ® 

« o*.q 
a 

££  a* 

c In  © o 

g i ®* 

fss 

°£  «-h 

•O  V o 
©-I  4)  4) 

JS  « ^ W 

n C <8 
©00.0 
.y-^l  41 
jj  IS  41 
©mad) 
" 4)  C 
<U  C -H 
4)  O 4)  O' 
£ ^ 4)  C 
H ft.  X U 


0-193 


907-227-9421 


n 


m oi  >ih 

0 B 0 P 

«%-l 

>t  0 

9 U U C 

0 Vi  - U) 

tj  a O' 

a x: 

%4 

Vi  *h  jQ  rH 

£ » £ O 

V OH- 

Vi  0 0 0 

x:  0 a h 

c © c 

c o 

0 

« £ 0 

POP 

• 

c < 

0 > ax: 

•p  x:  Vi  w 

0 *H  «H 

■H  -H 

0 H 

£ 0 

o a 

0 0 5 

■P  o 

P P 

a £ 

0 

>1  ® 

Vi  B P P 

4J  C 

w 

m *p  0 

° p . 

C c 0 

0 5 

0 

O O TJ 

• o 

B 

•o  0 TJ  C 

p u ^ 

in  *h  Vi 

P 

Vi 

p p p 

° O 

•H  -H 

p 

^ JC  0 

« a * s 

« « 

a 

0 

« O' 
Vi  . « 

® a •o 

> O' 

• c 


. . C C 3 

v s*  * ® •S 


•-H  ® > ® B TJ 
H ^ n ® w fl  *J 

Jj  ° ° n u 

® « « a ® ^ 0'S 

>*)H  C • 0> 
O £ -H  TJ 

_ _ C -P 

C k.  C q) 

3°"533 

P'2®  B** 

CSttB  a 

° 5 2 A ‘S  * 

® «j  p 


p 

° 2 
C -G 
P 

0 ® 


O 

c s*® 


-js>«££SS 
.^.gsg^s 
5 ® g-2  ® § 

® 2 c v u ®-°  b • 
0-H0__G'iVl'O 
p p p 2 2 p 

x * 

• a 


■ 

2 c 


> £ a 

o. , up  « 

p p-h  £ p 

Q.  O £ ® «j 


O 

Q 


■ T1 

2 -G  ® 
<s;  tj 
c 

« -ri  « * 

O 


9 o p •p 
2 *3  T-»  *J  B 

• 3-H  • Vl  X,  £ 3 
■P  p B p 15  J»  «P 
•c«cco2So 
p>oS)j5c 

® U BP*1  O O 

G co®0'* 
o c„  « 


~ 4 


o o _ 

„ a c o c 
OB  ® 9 -P 
o « • £ p .. 

VI  T2**  ®-p  ■ 

ft  M kj  ■’i  M 


P-P  ^ s B 0 

1§B*S 
« 0 2 SJ  >, 
S’  ® £ (0 

® € «C  ffl  ffl 

pp  “ 
a « . vi  c 
p o 
« p p 

• » P.P  • -c  o « 

11  5<w^  • 


-P<-P  ^ jj 
r-  n.  d *P 


* P ® 

>i  0 

■v,  W 

a c ^ ^ -h  \ 

x otjE  ®h0 
« -p  o ® . > « P 
p . p n 4,-p  P.i< 

BgBC0“3  C 
*JPO'P®^HPO 

• o o « o « a 

W kJOTjOCPr-l 

• C C © 0 P O 0-P 

s o-p  Ph  au  >n 


£*2  ^Sggc 


0,0-rH  B * 0-p 
B > _ P £ 

01  O-J  ^ 0 >.®  «P 
•a  ® gp  Jj £ 
p Oh  *H  C 

XBBP-P0-C  -*H 
•P  p O'  ® B -P  P 
TJ  B C o.  3 P • TJ 
C-P-P  HCtCt 
BBiP  O 0 X-P  S 
O.C-P0CBBB0 
PiO0£OtH0H 
«COPPOBPP> 


•G  P^-P 
POLfc 

%i  p 

® 2 

• pGp 
-P  0 P P 
£ 0 0 
P _ P 
- ® 0 

® -g  • 0 

1^9 

2o  .5 

■G  C TJ 
•p  ® c 
0 P^ 

' 0 
0 «TJ 
P p *P  P 

0 c O' 

3 OP 

o'*'*  ® 
p c „ * 

>,®p  g 

p s g 1 

£ B • 

2 * S S 

■p  ® o > 

® p P -P  .. 
U O'  0 
. . 0 TJ 
NP  U 0 3 

P 2 P 

0 P " O 
> » 0 C 
B P jj  P 

® c a 

„ o ® S « 

"§gB§ 

p o P 
0 P£  Q 
P P P O P 
0 «H  > P U 
£P  C £ 0 
5*0  0 » TJ 


p p e* 

J-  P o 
o ® 
ij  O TJ 
# C C 

S,  3 « 

r-  'P 
o 0 ® 

° p P 

0 p 
b o a 
p c « 
o o u 
« o 
a o tj 
0 0 
P TJ 

o ■a 
op® 

§®& 

2 S 

Op  S 

gS| 

O 0 3 
B c P 

® 0 
P O'  ° 

JJ  P 

■H  %4 

^ C 
c -H  ^ 

® C 
% -H 

2 « -p  • 

»h  a 
B 

© «J  CO  (D 
^ rH  ® o 

& < u o 


• ^ 

« -H 

C » 

■h  a 
« o 
^ a 

TJ 

a 

O -H 

o 

tJ»  ® 

CT? 

-H  O 
A>  ^ 
u a 

0 

a a 

E rH 

0 • 
«H  p c 

° S-s 

p ® " 


a"  u 
g 0 >. 
jj  p p 

Jp  0 

1-2 
3 o 

C 0 

0 o a 

C,  C,  B 
H »P 


•^1  V 

M o 

f~i  0 

0 a 
e 

O *H 


« «,  o 

B « c 

0 

g c B 

• 5 8 

2 *TJ 

3C  P -C 

GO 
0 0P 
£ 0 -C 
P 3 » 

C 

O'  O 0 
C S P 

p ja 

p p 
o p B 
0 2 B 
ago 

VI  B®  . 

o*  « 

ir«  tJs 

22*® 

^£8  » 
o 7^  >-•  0 
0 0-0 
P c 
p >,  0 p 
B Li  p 0 
0 a P TJ 
TJ  -w  0 P 

C x P P 

3 *•  as 

0 

C 0 O >1 
£ P O C 
HP  0 0 


T 

T 


U 

o 

(4 

p 

o 

o 

c 

p 

>1 

0 

o 

o 

o 

Vi 

•H 

0 

c 

•H 

p 

Vi 

0 

Q 

0 

■H 

S' 

c 

Q 

< 

•> 

-H 

h 

TJ 

TJ 

o u 

c 

U 

P Vi 

c 

a 

CP  0 

0 

3 

0 0 

0 

u 

0 0 

■H 

n 

CP  o 

S' 

0 

u c 

P *H 

c 

TJ  U 

0 

0 

O-H 

o o 

• o 

3 

Vi 

C VO 

CP 

0 rH 

(0  -H 

CO  rH 

o 

*H  O 

14  C 

P 00 

a 

0 

tp  in 

3 W 

0 Oi 

P -H 

UJ  p 

p 

C <P 

X) 

U 

V4  > 

C rH 

V4 

W <P 

rH  p 

a 

0 -H 

P 0 rH 

0 

•H  O 

c 

XI  Q 

C E CO 

X2 

VI 

^ *H 

rH  O 

0 

0 c a 

o 

0 0 

Vl 

0 0 P 

a vi 

mu  a 

a 

• P 

P 3 CP 

0 

0 0 

a p a 

r-l  a 

c c c 

• p 

cp> 

• 

a o 0 

O-H 

0 0 *H 

Vl  0 

0 O 0 

Vi 

H*H  rH 

u a 

e > x: 

X X 

CO  * 

X 

0 Vl  < 

c < m 

0 a 

U P 

0 0 

X 0 

a 

•• 

Vl  JG  X 

•• 

0 rH 

•• 

>i*H  00  0 

c 

•HOP 

c 

^ < 

c 

BOO'D* 

o 

> H X v 

0 

°cs 

0 

H CO  0 

«H 

C -H  © 

*H 

o2  • 

■H 

<0  Vl 

P 

W C CO  rH 

p 

© -H  3 

p 

.*  JZ  o 

c 

0 P 

c 

o a x:  0 

c 

• box: 

0 

••HOP 

0 

•H  -H  o 0 

0 

(0030 

p 

(0  CP  o 0 

p 

^ > 3 C 

p 

• rH  o c 

p 

• 0 <N  0 

p 

*H  o 3 

p 

D < a < 

< 

DKhw 

< 

o Q a vj 

< 

o 

o 

Q-194 


$ 

N 


p®.hc<wtjo©c 

©jCrHOOCO'OO 
© rH  -P 
© <o  id 

- 3 © 

*■0  O B 


» P 0) 

P c 

B g O 
o Gp 


'?  3 


CO  w 


o o , 


p •£  o g^. 


a B 


2 ?! 


C -n  fta  O 
O <0 
Pp  B 

O 44 

gp  a> 

B 43 
u o t* 

® G 

a ® 

• d .« 

® Cr>-C 

•o  « c p c, 

> -H  44  0 Vl  % 

OPdCOnoS 

V>  P B P 43  •“  °C 

O 0 T) 

g «5  * -*i  - B 


0 d 

a 

® „ 

CD  *0  • 

■n  O d . 

° O 0 g 

O 44  G c 
O ® -H  B 
C ”0  3 


* 5 S H * -2  i ® 8 2 


B w 

*3  < 


B V4.C  S p "x;  2 

O'  p 0 <n  u 

C d ® > ® _ — ■ 

P CV-H  0 3-0  § B 
P B B J 6 C g t" 
P 43  ~ O +4  B_§  O I 
0 B,  4J  S 43  .'Jon 
5 'p 

s • 

o « « ii-h  „ „ b g 

o « J 1 C « 

C -H4J  o £ h 


' O ® ffl  -P  K £ _ 

10  p c ~ „ P 

! H -P  ® r-cJJ  C 
w B4J 


£l«.£ 


a 4-> 


13  -p  c B oif.1  , a 

±J  o-h  c 

TJ  43  op  ? b © 

n O in  h ' >43  p 
acHHTjJJ*'  b 
® p m _ ■ £ 

d ’2-H® 

•H  - O -c® 

®H  55  id  « 
>«JC®£ 

■h  ^ tH  «Q  «j  c *0 

4-»  -P  m © © © >i 

03<d©*4.CB©3iO 
< 0 43  43  O 44  CO  43  C*  CD 


TJ4J  O 
C © 44 
© P 
*H 

43  .Q  44 
U © G 
© 43  © 

© . P 
P (n  P 
C O 

oi  a 
p n e 
_ « ■H 
§< 3 

43  W rH 
O „ 3 
B ® O 

«H  ^ *H 

•a  4J 
■P  Ij 
® o « 
£3  a 
jj  tj 
o 

P P vi 
o a O 

<4 

44 

>i  O « 

44  ffi  ffi 
P VI  P 
C Vl  « 

l“c 

O B ~ 

o 

GH  -H 
O * » B 

n »“ 

® -y  x: 

P E 4->  = 
i*  £ O 43 

3gb“ 

Vl 

© © p 

-HP©® 

O > rH 

© Vl  -H  -H 
P © P C 
© P © 
43  © > 

H 43  44  3 
e p © t-> 


P P •©'DC 
P © C 43  C £ 
© P O ©O 
Qi-H  -h  T3 

P^P-Op 
K B <0  H O ^ 
•C  iJ  3 « ® 

O ® o G43 

P * g*  3 B P 

C C O t4  14 

-4  -P  3 

>4  *4  O 4>  P 
O P C 
- 3 CH 

® « OH 

ij  g-h  (o 

5 B *4  VI 

® -P  -H  44 

>4  C 3 


g 3 

.5  p 

M © 

» q, 


8S-  C 3 

X J3  Cr  O 

Gp  in  .e-H 

n ^ 43 

5 S ■ 

1^5  .Sg- 

312**3 

o 2 m g 

pi  —4  a)  u 

2 2 cn'P  c p 

5 c c c <a  ? 

® P TJ 

PS  3 *>  >• 

*>  a •a  >»  g 

> — i c 

« «£!  •■P’O 

D1  m p B ® 

s5sS?S 

% BBP°.^ 

a h P 

-HO®® 

•O  in  > 


P 

® B 

a P^  r -g  ® 

D>  © 2*p 

c ® 2 o 

-H  p 43  O -H  TJ  TJ 

rH  ©P^TJH  P 

•HH  P © P O 
flCPHPO-n 

h m © < a u ^ 


© 

O' 

p 

© 

43 

O 

© 


© 

43 

P 

<5-1 

O 

P 

c 

© 

c 

*H 

@ 

© 

p 

c 

o 

o 


© 

t: 

© 

u 

p 

© 

o = 
e . 
ri  c 

® -H 
© 

© © 
^ 43 

© © 

P rH 
© O' 

r © 


• © >i  • © TJ 

r fl  h p 43  © 

P 43  h o P 

C « « p 

© rA  *h  aTj  xi 
|?PB  ■ 


3 >4 

_ ® OP 
«Z*J  . } C 
P o ® o 

§ • a2  . ° 
o P G ® 3 B 
“ ^ c tr> 

• S *3-5 

b o •§ 

■3**1* 

■o  c ® 

2 y i!  ® « p 
28^8  g 

■a  *4 

H4-P  p -o 

3 c OH  „ „ 

£ -P  P O 

■ g § *-5  £ 

-HO  h; 

a -H  © 


TJ 

© 


z P3  ' ' 

Ij  _ © tO 

bG 

C ® C • 

P *H  1.  © ® p 

S 0"  '• 

P 44  c 

SC-^g 
BP  B p 

c 2 

B B “ 

P 0 -g 
C GO£ 
O 43  “ 
n u 

0 C 

Pp 

-*4  B 

TJ  © P P 
© XZ  « © 
BP43P 
« P © 

? C * 
h-H  © 

O P ® 

c © £ 

-H  >,  ® p 
P O' 

— "H  O'  r 
O Pi 


© 

2 x " 

> ® 

S p p 

S « 

O.H  T3 

r;  P ® 

O gS* 

•H  B P O S 
43 

> P © 

© . »H 

®£c® 
2° 


p 

© 

a 

a 

o 

o 


© 

O' 

p 

> ® 
(D  »C 


« ® *“  >1  <0 

* 43  *4  P ® 

P « tr,li  U 

_ «(J  *04 

■p  43  c c w G 

}4  .'P  ® O P O 

0 (4  ® O 

> « T3  Tj  « ® 

a « -o  p £ 

44  44  rH  P ® 44 

J »4  B 3 TJ  -O 

43  3 P O T)  C >i 

Eh  fc,  a O < 3 43 


B 

3hU 

-H  H - 0) 

B T3  o -H 
B C O O T) 

O « -p 
cu  p 55  © 

© 0 43 
P p P p 

© © % 

P G S >!<m 
G 40 

f“S*- 

© 6 ^ 

£ O *H  © 

U P O 
m p © 

■h  e ® 

*o  c © 

o o 

a-H  o TJ 
©-H 


w 


© 


(0  O 

o 

< p 


>4  g E 

0)  u p 

a rH 

a © o 


= a p 5 o 


© 

O' 

« 

a 

c 

o 

p 

c 

© 

e 

© 

p 

© 

p 


© 

43 

P 

>i 

43 

TJ 

© 

P 

O 

•H 

TJ 

© 

P 

P 

C 

o 

o 


CO 

c 

O X 
•H  **H 
P TJ 

© c 
© 0 
O'  a 
o>  a 
p < 
© 

%-i 

© o 

< in 
a rH 

W rH 


vT 


M 

44  0 

O P 

w 

© © 

u 

ft 

< 

O >, 

G 

P © 
Q*JZ 

© 

p 


>i 

4)  . 
P 
C 
© 
e 
a 

-H  o 
> rH 
© 
> 

TJ  © 
© TJ 
P 

© P 
TJ  O 
-H  © 
© f~t 

c o 

O P 

o a 


2° 
© © 
£ © 
O' 
© 
© P 
P © 
O 
P 


- >i  . 
UHs 
© P g 

^Sc 
8 ® c 

+4  44  r> 

C o 

J4p  a 

B B 
44  B -H 
44  4J 
B C B 
P « B 

c e 

O rH 

© a 

43  ao 

HOC 


P © P -P  vi  o © O' 
C43«©COPrHC 


© p rH  P © 

O'  -H  C U p © 

©CB«>HpH 
© O -H  O' Vi  © 43 

p © « -h  a © 

TJ  © C rH 

© . p O'  © -H 

O'  © ^ -H  © 


c © 


© 


■H  2 b 

P 44  « 
p B ^ -H 

O'  B 
Be  5 


5-3  g 5 

O -H 

B 2 


43  P 
<d  >4 

C 3 

o V 

a . 

82 
y « 


8 ° 
g 5, 

m »r*  I 


CH«:  a 

BpP  P 
■H  *2 

E » g ° 2 
5,73  g, 
« S « 2 

« C43  u 
g o P 

Q VI  s 

H C P 

o 


a 43 


2 > 

B « 

• JC  u 


c 

^ 4J  3 

c « 

« 43 


« '43 TJ  ® 
-c  ^ 


o g 

ffl  « B 


l-.si- 


a s 


gpJ3G  g 

© 

p 


afl 


■ "II 

^0»flC0c*,v 

(4  ^ BP®  44- 

^ B B ■O 


a 

c , 

o « 


B »4  O flj  H £ o 

O £2.^  * ?PP 

-r,  i S'  P G U 

44  P ^ G-P  3 P P « 

b o s p o c Etp  o a 

ec  P « ° ® ® ® 

.Pr.  O’  (4  z O' 
o B g P U B CC 
vi p o c e *j  « op 

c o< « p p 2 p p 

P N CP  b ~ p o 

44<OP  B O'  P n BP 

P®pPC®f'OP 
®ocb  -h  a ” o c 

PPCP  -P  ®PO 
OXB»«P«PO'B 
£ OH  a --H43®® 
s PGOPBPTI'O® 


■o  c 

a o 

N B 
*H  rH 

BP 
O 21 


■o 

©1 
>1  p 
Vi  TJ 

-H  © 

P 0 

© O 


O 


© 
TJ  O 
© O 

tj  al 

c 

• 

•2  © 
C CP 

c 


n 

4J  © 

C 43 
© 4-> 


o p 

o © .J 

•S  > 

O'  5 jS 

c 3 m 

•H 

5 c 

o © O 

o « ® 

© CO 
V>  V 
© © E 
4:  44  P 
H © < 


P®44BC>.©©©>©43NCrH 
©O'C  HH  ®-H£  o O'UIH 
rH©©0  C 44  PH  CH  ® O © 
H aEvij  O 8!  © ©-H44>  43  43 

B P | 4-  OVJc-QPPPBffi 
■OoCpaPa-H  PP44 


on® 

P B O 
0 O 
®P*4 

S'  ^ P 
p y p 

P G 0 
P a 43 
« p 

v^p 

•OP0 
© © 

TJ  ^ 43 

C w © 

© -H 

a c v< 

©EH 
O 2 rH 
© rH  © 

O -c 
p o © 

£ P -O 

a c 

>t  B “ 

p's 

G 44  *4 

B V.P 
B 0 O 
o ® 

ftxj  VI 

t. 

P B « 

B G 
B , 'O 
■H  P C 

c ® « 

■H  O4 

B G 
3 B 

® ffl  . 

p^o-. 

P 2 a 
0 p ® 

P 43  O 
B O C P 
43  B B 3 
H 0 43  O 
c p 44  B 


B 


w » in  p 


. . B C 43 
B G 3 P 


p _ 43  N H 

• a 5 

> c ® G * 

B 0 O _ P , 

G G C G P 

G ® P a ® 

P < G B 

r4  o m 


>0  b m b p H 
® p p o ^ 

p r c n 


P © 
© 


© 

P 

, O 

^“ge^Bp-gd 

< IS"5» 

2&44PC®£P 
< « _ 0 >,« 

“ © 


o 

© 

S o 

-H  G . . 
B •g  -S  V4  ® 


2 10 
G C 
P B 


B 

« ■£ 
1 G O 


_ d -4 
o o 

cT1  ^ 
p 5 p c 


© 

> 

a © 
o c 
o 


© -H 
a44 

o 
p © 

© <w 


^ c 43  *£44  >,  J 

C -H  O'©  © CD 
O Tj  © CQ 

^ B - 
“go 

^ t:  ^ ^ v . , » 4J 


© 4^ 

© © a _ r >'  p 

ss  .s?*"SHb ® 

^ 3 H Hr,  ©Mpfrl 

-H4J£  H0  a o - 
p 


TJ 

® p ^ . 

■g  S BV4P 

^ g£  0 S 

0 ® G 43  - 

S B O 

B B 
C < ® 

O P w 
P • O 

a >,  c p _ ~ 

© 44  rH  43  O -H  _ 

Bh  *H,y®©-^© 
“PaSg-G  P 

o^o^J^o 

-H  B 2 P B 

• G£  0^0  « C 3 

O'  p p o S*??  p 

pp*  pp ® Siu ® ? 

10  ® 

C.  E 
OP  •• 

a c <■ 

P P o 

Q B P 


® 

d p 3 
c P 43 
© *rH 

G>  _ 

a ® 

3 a £ > . 
a *0  ^ P m 
p ® 2 a 
■ . 1 — 1 ^ G O' 

O 44  G _ C 

0 O 

H <-> 


C E 0 VI 
B >1  B 


S B-P  ^ >,0 
0 TJ 
O'  © © 

CMTJ  ®^  U U O 8J£  O C 

©I  ^4  © 43  B rH  © 

OO©  © © V<  U P rH  TJ 
C'OU©P©P®#rH©*rH 

0rH0C0©P4:-H043> 

0'-'CQ0BrH®44TJC4®© 


Q- 195 


-r 


-Gfflfflffl73r4>, 

®-HOCnoci-(ooo£:4Jx;cw 

44  KBWW^o>-H*J3*»«3-< 

© _ „ • (,1s  ^ o o rH 

® m_.®(1)0®oi«JT)4J  © 

© 44  « ~ ffl  C £3 

<m  ~4->  -h  r*  x m 3 o 

^°3  .H?=^r-8^~ 


0)  o 

£ -H 
CO  ‘ ‘ 


It 


o © 

4J  © 

a ® Tj  >h 

5°  5 


- ® 


< ■* . 

ft  O B)  4J  VI 
w2flfl30 

2 u 

ffl  — <0 

_C  ^ © © 

5'S?h5 

5 2.3^ 

4-4  Qj  I O 

0 in  -rl 

73  O \73  " c 

© o c o 

4J  . <4  « ® ^ 


-O 

c 

o o 

2 ^ 

to  Jj 

© ^ c 

^-5 


<0 

a = 
o»  © 
o 


C H 
D © 
p 

© 10 

§? 


© <D 


S£i:j=  e 


£ 0 | 43  0 ~ 4> 

.^S»5ci;5-gx 

-sassg?s  .gss-g.s 


44  O O'© 

rn-nu © o"  * 

F{  u © o ^ 

° o * «T 

0^  g+>-*  3 C 

3 ft  « " 44 

•Pc,8£<3>’‘3e 

0 £ r*  m ^ ^ 

& ffl  U *W  0,H  *4 

-C  -X  ,®  o o 

44  t)  ,.  M -H  3~~ 73 

..  _ r~  O w © o^: 
® © E ° £ 43  +4  o ,, 
44  ® fj  +4  44  '-'00 

C^H-  O <7> 

® C ^ >1*^ 

S5Si  . 

“-^44 
© 
a 

G .jj  ® 43  ^ o 
OhH44  CJ 
O ® 

CJ  73  44  >4 

S®  3 O 

^ g ^ 

id 


H ttc  5 

^ © O ° 


in 


o **  JS  *’■*  in 

© ffl  in  « T|  74 

h*;®^  © c - oo 

2°  S«  7,5*3  wD~  - 

J^sS^ijagtSjS* 

m ^ ® m « ,n  rH  B ® O * 

“h  3 « CH  Q,'?  -rt  >,-H  44  -H 

« C 44  © \ (J.-9  * r-l  X -H  x O > 
443«®44tr0  3>3CMOO«a>i 
HObSnau&^hBovuftu 


© JS  44 
• ^ 44 


*ji  C 

*s 


ffl  T3  • © © 

b c 4J  © x: 

O O C -H  4J 

© O © P 

© B-H 
C B dH  c 
■H  C *H  ~H 

to  o u x: 

4J  X © P 

rH  C 44-H 
3-H  . > 

© rH 

ffl  ID  ® 73 

S 43  c ® a 

o °*  JJ 

■o  « 


a 


a e « ® -a 

o-h  2 k rH 

> 3 

- ® »T(  > 

C C *ri  r ^ 


; T5  C 

P to 


U -H 

T3  ^ o 

s§^® 

o 

to 


to 

•a  p 
© c >1  M 
*o  d+j  o 
® 

n 


to 

y © as 

o © *-» 

m-H  m . 

o cG  C'J 

° . sik 

2.  « c H >1 
p*  !S  -H  © *H  M 
bJ  2 jc  x « 

® ® 44  OT) 

•G  -H  C >4  C 

o > -h  a 3 

® ■ >ao 

ri  - ® >i « xi 

« rH  a 

Di'H  © O'  ® 
C M © C C ® 
-H  4>  O'  0-H  c 
> a «-h  >,>4 
o ® c 44  a « 

r-i  m-h  -h  3 -a 
r-l  h 0 T>  O H 

< 0 44  -a  o -h 
® 44  73  < O S 


me® 

© -4  |J 

tr>  m ic 
© © 

44  XI  0) 

0)  44 

ffl  C • 

>4  C -4  C 
^4  0 0 0 
44  a-i 
© C 44 

a © © a 

.c  0)  >4 
© 44  © © 
JC,  43  TJ 

44  © 44  -H 

44  ® 

C 0 - G 
•h  b m o 
© 

at  O'  ® 

44  C 44 
C -H  © 

© 44 

B 0 ffl 

&©  m 
D.  © 

44  B C 
© -H  44 

w 

© *0  *0 
B-Hrt  3. 
-H  O -H  O' 
44  > S _ 

aa©5 

® 0 33  - 
$»*>% 

° »z>  ® 

0 0 T3 

* 44  « £ 

*>  o as 

© B 

© -ri-H  <g 
* P -H 
Jj  V r-l 
JS  « 
U 0 > 
3 « > 

B « -* 

® 44  rH 
© *0  -H 

G 44  C 44 
MOW© 


U 

44 

© 

a 

o 

44 

Q. 

G 

w 

> 


J • 


I I 


^5 


B W 4->  © 

-h  u x: 

O © 4-> 
O © *r^ 
r-i  -H  O _ 

X!  44  c 

©44  ag 

544  © -a 

x: 

© ^4J  >0 

> <•  ® 

o S c 44 

•Q  jo  -H  © 

© w o 

0 


S"l? 

, >4  ° 

44  r-4  Q, 

© © © 
„ 2 « Jj 

S-H  E 
4J  > 0 c 
© 2 © 2 

fH  ® « 

3 44  O 

e 0*44 

3 *s 
0*0  ^ 
O ® B « 

• « Ifl 


© at 
■H  © 

rl  < 


JJ  3 
2 0 
a 

© 

« 

© x: 

•Q  o 
© 

O -H 

4J  ®0 


id 

r TJ  © O 
•H  • ® S 
H • CVj  0) 
•H  • -H  D> 
BBC 

• x:  u --h 

• 4J  © © 

• a 4-)  <W  -H 

r © © -h  « 

TJ'OHp 


i;  ^ ® t!  none 

« ® S'®  C « C44H  o 
43  44  © ffi  44  73  3 

tre  ac  m c © o r 

—4  3 0c«®^4»n 

43  C -H  o O a2  -8 
%4  *°^U“C«© 

Owfi*n^®r-2C4Jm 
2 SREg^Sao 

c5*<  n bl  8 c ” 

o o 0 44  s ® o © -H  -H 
^73Eio.^a^g-° 

3 Soi 

- o cf  44 


T3 

© 

« c 
^ o 
o 


o CO 
0 CO 

© © u 


< 3 
I 

© *o 

x:  *h 

■P  -H 
3 

Ja 

4J 


3 ft*  5 © , 

« §*  5 iJ 

M O T3  VJ  m 


u 


^ A ♦* 
© ° 

a o o 

•3 

o - 
44  c 

44  >1  o c 

o O' 


2 o^ 

p °3  - _ 

ft  44  ® 43 

O^-S  44^ 


© © . 
© u 
P c 


s.s  •*!  S 

&®3 . o3 


. ® 044  ^ 

44  « E 

SE"S£ 

Sbp!5p2®«§ 


■ g- 


o s -h  p a 

9 a®  G a®-1  M 0 

i®a©^  2S 

■^44^<5 

© 0 43 

E >,74  ^ O ^ 

© r-l  o 

j5  3 © - a 

44  © © s 33  , 

•H  -H  • W V 
44  44  C 
c c B*J 
« © 3 o 


„ ® C 

3 « 43^ 

IsJS4*- 

0 W *4  © 
O o « 
a C 43 
44  -H  *4  C 

e O - ^ 

£ <m  © © © 

® ® 44  >0  B 44 
44  ® -H  3 0 


• 44  44  r-l  ® ® 44  1-4  © © 
0 0 07433  # O » ® 

aau«  44  44  » a © 44 


JL 


r- 


>.  >1  >i  © 
H PH  ffl 

a*H  a © 


6 x: 
d o J 


v 0 — 

r-l  44  44  G 
3 © -r4 

O >1 

43  « r-l 

ffl  s 0 •O 

fsffl^S 

044  O 

® # “ ® 

B c © * 

a;5 

id  id  q 

-h  ^ c 

8^. 

4J  j-i  3 a 

a u S b 

© *•  3 

O >1  O 
X 44  O 

*3  <«  * 

* © © 

3&*5 

• 44  et; 

B ffl  ** 

4)  O « 

■o  © 2 r* 

• » 44  r 

> © 
r-l  r-l  44 

O « © 
ffl  44 
ffl  © ffl 

•H  TJ  T3 
■D  ffl  44 

7-1  © _ r-l 
■ ■O  ?.  3 
3 43  C P 0 
X 44  o G H 
H -H  44  © 

c » a ffl  U 


■ 

C G 

0 o 

« 


C p 
o © 
•h  cn 
♦J  m 
to  to 

U rH 
•H 

rH  © 

0,43 

B 44 

■H 

c 

tJl-H 

C 

-H  *o 

■o  ® 

« N 
©-H 
rH  B 
CO  *H 

•H  C 
H *H 

w B 

• © 

5-° 

•d 

« »H 
© 3 
4i  O 

to  £ 

« 

H B 
o © 


•s  S.-2 

£ ® 74 

o © 

—•  _ 

^85 


« 44  e m < •>,«4JXho'Ohhoo  • © ffl  44 
«HtPO>«C  0 41  ©44  C « «44h  «X44  O 

c 43  a C U 44  « « -rH  -4  ©44-H  © 44  44  c n 


© 44  B -H  « +4  ffl  r-l  44  ffl  ffl  44  © 44  O 

> -H  « rH  >,73  e *H  ©-H  troi  >-H  B>9  S d 
• • X -I  XI  —7  3CGh«CCb  g 
•ffl  © -J44&-H-H  . ffl  -r4  -H  B c S 

© G *4  "B  43  'O  r-l  ffl  r-l  rvi  rH  ffl  k_| 

“•H  c © 44  C o 44  ® -H  c ffl  -4  _ > 

d _ q d^iOo^dgR^df© 

SgS£^So§Sv-',","s. 


© IM 
© 

2® 

a £ 

8^ 


j=5 

o * 

zl « 

3^ 


5 c+J  1 h j;  axj  2 ° 

1 x3  ^ , , -h  2 m © a 0 ^ 


5 *rt  ‘ ii  mr~o  ^ 7 © » »-m  _,  ,| 

4444®fflV44«^  L,«oS>a®*C 

-_n©4444ao  ffl  44«oo>  ^ 0 

Li*a3Sfl  #1  •!  I'BSS 

silS^e*  s^ssg 

-*  8.  .^^5j4^ib*4c®  _ So^.o?- 


44  ^ ffl  -H  43  ffl  44  C--1  « S.  S3x  u 

3 0 © 44  44  H aS  O Ho®  X^  > o 

Oox®cCHa„c«©a  5,43  ♦>  « ' ® 

O -S  44  s!  -r4  -r4  a -H  © **  J5  > V- 

oS*  a^o>r'-Ho  a..  c“74  t,  g 


•H  V rv 
rH  _ 


M C - 


P'M  -4  rH  44  « rl  ®.  C C a 44  43  "O 

o 5 g iJ  . x:-h  ^ c 


• O*  o ■'7 
>©*4^® 


-J- 

2;®  3 
? _ o 

2 ® 

® 43  © 
+4  73 

■ 

- 44  © 
< <0  0 
a 43  o 
u 44  m 


©^  O > h-H  O 

» 44  a co  x>  m 

B®m«<0?®S)r^O®ffl« 

• h®  4£h  44  « 

>,0  3c£2g«73>«0'©  °44*8©- 

&iirHoC'g  -gC  74cSfflW^^.0®2 

8o3.tsVg35%is 

^ 4?  o-fflffl 

>®£®^a44,©2«>,c 

B^g-«c>,ffl£|G0 

•h  Ja  - © x> 


o ^ 


« 


_ _ 2 .5  44  a 

- • " o 

X o C G 

*4  C ® 0 ^ 

^ ffl  G u 

43  Eh  © o C 

*0  cr  2 rH  0 _ 

3 ®4n®  — H B ffl  -rH 

*4ffl  • 43  « 'J  c 44  3 4h  -H  44  _ „ 

044T3  44  43ffl-rHOBO'ffl-4J«C~©Cfflffl4C 
ffl  0 4h  0 43ffl-rHrH443SC0O-rHSO4Jffl4J3 

BO  « *44  44  C M-HH  « • o X 8 C 444  « O 

C ffl-nO-H  4*  "-H  --H  *rH  • 44  -rH  © H t—4  —H  ffl  0 3 © 43  43 

H447HU#3TIBOOTJ«Ha0aO4.HjII 


73  . ' ZS  C43 
C © C 44  5 -h  0 
0 ffl  ^ 


« D't!  c © 4J  ^ T» 


© 

xz 

•P 

O' 

c 

■H 

V 

4J 

•H 

B 

O 

>. 

a 

c 

o 

*H 

4J 

O 

© 

U 

•H 

*o 

© 

B 

© 

45  * 

±j  © 

X» 
ffl  £ 

?S 

3 ® 

l« 

B^ 
6 ® 
° O' 

_ c 

C H 

® N 
45  vi 

•P  -H 
rH 

< © 

&& 


-«  • t e a dh  xo  c 

•O  X r 73  O ffl  rH  © 44  44  -H 

« >,34444©44-H 

ffl  7J  rH  rH  7-1  ©4>fflrH  >, 
HCrtO  44  ffl  73  © rH  •O 

© © G a E®3  ffl  ® 

* r>  -H  - 7h  O’ jo  * 

H “ G 4i  73  S3 

2 -rH  44  0^  2 51  4;  . rH 

©«ffl4>4,^'H44©0ffl 

0®-H  3 L n H , I 2 ^ 


>U 

ja  $ 
a 
w 

to 

JS  V 
p © 

si,s 

0 ffl  rH  | 

G H g 
• 73 


— - 4h  0 ^ 44  © „ 
O' 73  H 3 u J oh  « 

44  ffl  ^ 7H  © g-J 

© 44  73  ,H  _ 

£.8  ^'°^©fflG 

- 44  S rr  a ® -H  0 

*•  g°5&^. 


o © 
-44  a 
£ G 

3 

a 


« ■ ■ 3 
2 3 73  - 

® 0 -H  < 

rH  o > a 

w ^ fj 


• SB 

^ *T3  8 • 

2 * rH  T3  « ffl 

* 3 C s © 

g-^G* 

I5°©  > 

a 44  • -h 

T:  ■ 4J 

w 44  © 


'hh&« 

D<w  n 3 " • > 

« C „rl  oi,44  II 
H^nliijll®1 


'ffl  c ffl  B _ 
JBhG  3?  ffl 
O G ffl  © O' 

-r|  * h B 


ffl  o B ffl  _ 

B Ec 

O 0 Jr 

o o 0 


44 

3 c 44  - “ a o.  a *»  ” -u 

rH  © >,  < « -H  « « 

« ^ 43  -H  — , ' G rH  G 0 rH 

>£  44  ffl  ffl  • 44  a 8 c 3 

ffl  *H*J  B4J  ®-J  -H  U 
©oxxafrfflffl'H 
C 4i  ffl  -rl  “^73  « 

3 43  44  73  44  0 

44  a G 4J  . , « X 
44  44fflai«73rHffl 

o •nQ,ffl®cao 

»HX740«aux>aB« 
ffl0C  43  43<X«4404; 
B44D  44  44'-rffl>ffl04J 


C ■ 

«; 

0 

So- 

u ■ 


Q- 196 


N1 


4J  T5  4J 
U 0)  C 
ON© 
a-H  u 

(OH  ^ 
*H  P 
rH  -P  U 

© P 

© 
4> 
© 


b 


4J  ^ 

c © 

© TJ 
44  C 
ffl  p 
Xl 

p © 5 
© M <D 

10  - 
S3  © 


f g c 

M JO  flj 

O * 

a ffl  .£ 

3 TJ  O 
ffl  P 4J 
O © 

o 73  2 

°g£ 

c 

one 

B PP 
P II) 

« > S, 

bt:  £ 

E 5 

■C  Id  -H 
U O VI 

o 

•a  p _ 
c ® 

« e£s 


© © 

42  © 

44  U 
© 
c 

-H  44  * 

O X 

_ ffl  ® 

o jl-h 

!jou 
2 £ ® 
0 “•§• 

°««> 
c£  ® 
o ® 

B •£ 
P P P 
0 3 . 

«B  -C 
P o 


O' 


9 >« 

£ p c 

O ®-H 
5 X! 

fcp-S 

*p* 

g*  C p 
c,  o 
o< 
a 


42  ffl 
© *H 


;p\ 
M 

C >1  ffl  • 
P H 0 *0 
ft  ffl  3 C 

• -C  0 0 
•BOB 

• p 0 ffl 
: HHfl 


Z]  P 

M VI 

P 

P 73 
O ffl 
ft  * N 
» Jh 

p:j 

■V* 

ij  c 3 
ij  © © 

M JQ 
-H 

42  T3 

&U  rH 
44  p 
© ffl  O 
> « £ 


-fe-8 


• 00  ® 3HH  - 
W4J(M£  OH  O P 
C I 4JHH  ffl 
3 P 


3 ® 
O B 


Zh  ffl  P 
■o  > 2 4J 

c « O O o % 

« tn  xt  0 

scs"5Cps 

< o °,  g^Jjp 


0 B£  « 

m w c 3 

§os! 

«p  8 jjzj  >, 

ffl  3 3 ^ O',? 

W 0 ffl  0 ffl-H^ 
B 3 P^£  &T1 


B W J IQ 


0 © 4J 

a.  a 

© *H  ^ tj 

JhO®  Jj 

S"*|S 

B 

SX 

O o 

id  r> 

ffl  H 


PP  O 

VH*H  o 

C V n 


P 0>K  ® 


P _ 

O rH 


O O 


r.rv 


Jh  ffl  ft  a 
PM  4-1 
73  ® 

© K 
i,  g'O  '•'^H  > 
Ope  H H ffl 

ft  O ^ ® P O £ 

ffl  ffl  P ffl  ffl  4-> 

Cr-,73  « ® 


p « 
Id 

o 


ffl223rH®T3® 

S^SsS.pS 


© q. 

w - > © 

O * -h  O © o O ^ 

5 S « c c ■ 2 

C^Os  OO-hS-h 
ffl  • P P id  P o 
ft  ffl  B H « ffl  p ffl 

■ O'  Jc  \ ffl  p p ffl  a 

SidfflO'Bidffl.Ca 

■ ft  CD  B W 3 U P ffl 


O'  P 4J  to  ffl  -O  ffl 
C 01  C « £ ffl  C 
-h  ffl  ffl  3 h n -h 
■u  J3  i « ih 
id  3fl  43  ffl 
P „ O C ffl 
® O id  ffl  18 
>,43  -O  * ft  43 
rH  P „ M 2 
a ®pN„ 
> rr.P  O 2 >H  ® 
•H  g’&H  3 P 3 > 

P-H  5,2  ~ 

or  • ?43  “ 


TJ  v4->  © © 44  © © O 
CD'«P44C44TD4J 
©C42©Wfl©P 

(0  U (OH 

5 -H  ^ U © 

<m  C4( 

^ U 

p £ o 

© V*  u 


-H  44 


ffl  a c 


I -H  rH 
I ><  Id 


-ffl 

•§  a -s  g ^ 

B^g.gS-*g 

Sfi.-°5g.g- 

VI  -H  p £ P 

D 43  >,V4  O P ft 

r-  pp  C O O-  .. 


c ® 
*• « 

O p 


s O 44 

” *S  01 

ffl  0 
a _ P 


8 ®£ 
^ft 
ffl  B ® 
C«^ 

© « *5? 


CP'O 
© C rH 

s s.36! 

© ^ g 
ao  ■ 


© o 
o 


o 

p H P 


0 3 


% P 

r.  n 


&* 
ffl  c . 


^ »Q  ffl  'O 

or  * p 2 00 

« i “ S 2^-^  « 


■c  «J! 

> O 


rH  © 

« p p 

© *3 


ffl  P 4J  ffl 


ffl  P 


P 3 ffl 
ffl  fX 

r rH  •P  ffl  P 

ffl  'O  P £ 


-rl  P 

B ® 

1 P •a 
o ffl  c 


P'2 


^p-g5 


OcCfflfi—  oftffl^ 
® « 2 ^ ^ 0 n 


ffl  ■ 

_ « g ftp 

2 c ffl  S o _ 

O 5 XI  P rH  'O 


® 
VI  44 


«®iJ 


ffl 

ffl  > 3 

_ 43  ffl  O 

b§p«2 

^ C ffl  * B *4  o 

01  O-H.-rl  O «V4 

v,fflp2e„p„ 

r,  H C ® -H  C © <C 

°-p®2bo-oo 

J P O *rl  rH 

J Of  *1  £ 

c ft®  C 3 ffl  3 
-p  ' p o c x: 
p B O'  o-  -h  4J  a 
■P  O C ^ B ffl 
O BH  Bfl  H rH 

ffl  p « « c •a 
«o«oapo3 

43  rH  ffl  Id  I)  0 ftp 

Hnp»43<03ffl 


0>-0  m o 
e iS  ® ffl 

H ® E p “ n3i_, 

■o  O fflO  P-H 

EcPfiSfl-  0 


3-0  * ffl  B 
O CH£  O 
H «N4>41 
rH  O'  P 
>,  ffl  B VI  O 
pH  O 43 
ffl  O 
> 4J  01  E ffl 

0 _ « xx 

« 2 

“ ffl  m t!  ® 

-sli! 

Stj""" 

3-1  = 5 

. P P 2 t!  • 

V o « ffl  2 -p 
°fcc  p B 

4-i  B a 
C o IN  VI 

ffl  O p P 
• O „ 3 

Cn4J  O 

oti  " ffl 
<2 


ffl 

i 

3 

p c 

ft  0 


0 ffl  2 P H*p 


I 

c 


4J''©’*H5f3O^CI 

o c _p p p ° p ffl 

p -o  -h  o> « jSijpp 

ffl®B^Pffl®o,°‘0 

■o  2 5 7)  E ffl  bh 

§ «j  x 2 ffl  43  • c 
p ® ^ ® wc’po 
„ O 2 O'-"  ffl 
p r-H  p ft  n 
p .xr  o,  ffl-w 
g*2  d,  • p-E 

ffl  O JfB  ffl 

v p 2-p  ^® 


ffl  p 
p ffl  ® 

v p p B S’1” 

1igo?Bo 
S o ffl  x o e 

Jj  C "cm  © 
o T3  « ffl 
Vi 
44 
ffl 


U U m 

•o  °2p  »2 
**  ® © 


O TJ 
C -H 


X © © 
S->  X3 


a © c 
0 


• rH  O'  ffl 
S 0 C N 

ffl  ffl  -H  -H 


U1  — rr 

0O®  rH  rH  O 73  B 
^P  P 0J^XlftC-H 
BP03OOB0C 
C 0 0 r O'  O P-HrH-H 
< 3 ftp  0 P £3.73  X)  B 


3?_« 
0 ffl  g ffl 

® 0 P 

•o  -o  x;  ® 0 

rH  ffl  4J  P r 4-1 
3 73  0 rH  ffl 

“ C P p p B 

ffl  ffl  ffl  0 
ft  ft  B VI  o 
ffl  ft  44  O 
P 3 O in  3 o 
H ffl  U « O H 


ffl  O 

p 


o 

p 

a 


73 

ffl 

p 

*H 

® ^ 
5h  5 
44 

® § 

« © 

o 

ffl  © 

44  ^ 
C ij 

> « 

© m 
© 

A 
a 4J 

o x: 
© u 
c © 
© © 
44  ^ 

3 TJ 

ffl  o 

© ffl 
© © 
c 

x:  -h 

EH 


<5^ 

0 

* 

44  © c tPrH 
© -H  © c © 

42  >4  © -tA  CP 
44  © rH  a © 

44  u O H 

05  -H  rH 

H U © O 
M O ® > C 

a £ is 

« ffl  ^ 73  o 

0 g1  vi  c o • 

43  0 OP  0P 

p p r 2 

o _ 0 ft  ® 

^S3?2 

- ^ 0 0ft 

0 £ c o 

- Sh?°h 
2 p oip  43 

p o 0 ti u 
S W 3 P 
• c ®^£ 
C *P  * > 

a o 
_ p 

ft 


p 0 a) 
O X3  43 
C P 

m p O 

*H  *H 
© 

E©  44 
^ «W 
© © 
•*  U 

u * 

CO  ^ 
O-nf 
O © 
HE  J 
. ffl 


% 


Jfc. 


^Sr 


C B o . 

SoSsR 

C2^hE 
-- 0 ® s g. 
• & ^ 0 
■°S5cS«- 

P P VI  w 
3 O C • O 
O C 0 P P C 
p P o 0,  o 

® a p < 

^0  p 01 

0^  3 P BO 
P rH  ffl  ffl  C 
0 < 0 44  n 3 
P ft  > 0 o 
H H 0 Z 0 43 


•*0  0 

O 

C-0  g 
o © ** 

M <n 

_ -tH  X 

|g.S 

O 0 - 
•np* 

BH  W o 

ft  g 

°5S 

V4  44  o 
P 0 p 
0 C _ 

p < 

rH 

g © c 
o o 

m 0 
® rH 
JC  *H  -H 
ftX  ^ 

u o 
CP  44 
© c 

U • -H 

© 44 

a u T3  ffl 
© © © 
^ rH  CP 
« U rH  Vi 
43  0 -H  © 
H O *h  43 


C © 
« U 
© C 
X)  © 

u 

© ffl 
> ^ 

52 


& c 
3 ® 

• 

p 01  j 

P 2 m 
3 


^ © 
o c 

^ < 


• 44 


43  _ 
© U 


c'« 

'§S 

® & 

p o 

ffl  o 
-H  44 

43  ffl  rH 

44  o © 
B U 

C ^ 
^ B 

•§£5 

ex" 

SSjg 
2 s 2 
ft*o  m 

ffl 

ffl  44  • 
44  © W 
ffl  T3  • 

o a2 
u p ^ 


Vi 

ffl 

44 

44 

ffl 


ffl 

4> 

© 

U 

© 

a 

a) 

a 


a) 

Vi 
' 0 
TJ 

© 

ffl 

Vi  • 
© ffl 

U 

C **H 
44  ffl 

o w 

ffl 

ffl  -p 
ffl 

ffl  ffl 
•H  Vl 

x;  o 

44  Ck 

c • 

o w 

ffl  D 
44 

>C  ffl 
ffl  42 

fl* 

0 O 
U 44 


ffl  ffl  O C ffl  4>  rH 

© ^44  O 42  C © 


43  C 


>i<H 
© -rl 

m © 
44 
c 

O MH 
44  O 
© 

© c 
B O 
w 


ffl 


ffl  ^ 
ffl  V«  ffl 
C 44  u c 
ffl  © p ffl 

a v u 

01  73 

2 ffl  43  u 
2 x>  O'  © 

® u-h  ^ 

h g-c  « . 

p ^ 3 p 

ffl  © ® rH  |5 

ffl  -H  1)  © a-H 

C Z*  C S ffl  44 
® © ffl  0 -H  ® C 

2-  2 p p p v 2 


- 2 ffl  D!P  « 

O'  3 h 0 P O' 

C ® P « C 

H 0 H « 3 p ^ 

rH  P U 


0VJ  .^p2.8-S 

PO+jgot0® 

Vjo2‘£:ffl  ,2® 

0 3 ]q  73  p y P ® 

**  «3ii«S3 


c ® x: 

© -H 


C ffl 
•H  43 
« p ^ 
H 0 


X3  ffl 

C ^ 

S p 2*  ffl 
p 
o 

E 


ffl 


ffl  0 

sx  > 

^5 


0 

H1® 

0 ffl  0 o ^ 

^ o P P ^ 

O c t 

33  S^js  - s 

p « 0',p  p £ ® 3 

b p c 0 p -H 

ffl  -H  ffl  -*H  4>  ffl 

& ffl  44  > 44  *H  -H  TJ 

rH  U ffl  C 0 (J  o 
44  ffl  *H  ffl  O -H 
©4J%HrH44'OrH  Vl 

XHU  ® o c © © 
fHrH©4ia©>a 


Q-197 


ft 


I 


1 <w 
O P 

a 


C Oil  g 
« P P P 
JS  JZ  ® P <u  ® 

•K  p o 0 p 
a c -o  « 
p ® o e B 
a tj5  ® u 
£ *1^  c*j  >5* 

p n q,p  a c o s ja 

E p a ft  a 

© 3 M © Vl  ^ -H 

•CO  B)  *J<H  >,^ 

«JNB10®33(D« 

b^©gmuo©> 


01  73  © © 

- C © 73  M 
O O 

© -H  © © JC 
G 4->  © n 4J 

P 3 l^o 

Jrs  g1®  o 

b 14  D,  P 
P 

E-3«  - 

B ■D  C H 
P p 

. p a e 

B ij  H B-H 

P JS  -Q  ® 

tj2 

S B • t ffl 

2p  H ® P 

a O P P O 
m p 3 a 
® .-a  ° cu 
v B 

a S US'* 

8*5^ 

m ■>  a 

“SbOB 
SgBC 
!'■§  C# 

t ■ i 

^r'oiP  • 

* ^C^H 

^0>g 

xj  c £ ® u 

f-  o ° a 

•»  a -p  c > x! 
« B 

J4  W P-H  „ 

8>~a  32-5 
.V  . g 8 I 

1 

C “ u 

P P TJ  X3 

p * p a a p 

3 <•>  OxJ  3P 
£*  H ^ *J  o 5 


>1 
O P 

*H 

g3 

■Sf 

jj  a 
C ? 

a Jd 
o 2 
c 2 

o2 

o ® 
p 


is 

G (D 

« c 
a ° 

A N 
TJ 

CO  p 

a 

■ p 

' <H 

» P 

o.  a 
a 

p c 
a a 

*$ 

5-5 

o P 

a s 
p o 
a u c 
o o • 

•H  • 
TJ  >i  • 

c a - 
-h  B a 

• w i 

*"  so. 


K « « I)  CH  » J 

OXIXJXIOPSx:  . 
pPt-<-H-H  op  a 
01  3 73  3 


a a 


o>  , - 

oi  ^ a -o  a 

a -O  p ® n 

p • a a a 

a . n>  a a x: 

a I,  a T3 

■o  ^ tj  v 

2 P X3 

O « ■* 

C O' 


p _p  - C 
a 

•a  ® 
c ® 

a y 3 -o 


a a 
a 

® a 
P p 

CU 

a 
a e 


®^£p 


® xj  3 


o tj-S*  ** 

= _ - bS  a e >» 
O TJ  P 3 R 4J 

p a o _ -h 

p o,  a a S'4-’  r,  ® n 

e p c 3 c R tj  . 
a c -p 

o<  O >Q 

' a 


3^-hS 

2 i:  ^ 

B ^ 3 
a « 3 v 


a 

g5 


a -•■  , 

a p p a 
p a ® > 3 

P g<-H  J 

_ o g*p 
«H  o o 8 H 
® p o a -h  -H  - 
•5  q,  e p 
2 a _ a m a 


C © O'  >i4J  © O T3 

C -H  ® C -H  |J  i 

© © © a >,73  o 

O'  © © 3 3 © i3 

CWC-HK  4->  C © 
•H  E O T3  © © O 

25  2 c - •o  a 

2 2 **  « -h  2 O' 

S £ o “ c_5ac 

P'  ^ ® ^ i rl 

a Tj  ®r;2 

N O 3^ 
® C>  « ® =*  o 

0 0 3 P • „ 

g 8. 

0 o ® a 

•H  £ 

: -H  E ” 

_ J 73  ti 
^ *H  »0  < T3 


© 

© 

C O' 
© C 
0'*H 
O »H 


© p © p © 
4->  4-1  © > © 


O 


P Sp 

P 3 ® ^ 

O »o 


fel  *-> 

a >1  . o 10 
pc’0  ® 

■n  n ® ® 3 

a <n  k,  0 O'  c o 
a ® <-•  ° ^ _ pon 

Q 73  © ^2  © 

n P C - p *o 

2^  © CTJ  «*g  ©rH 
{ 7«H  BO©  m ^ ® 
M - -h  a©  ® p-h 
P O 01^  CM 

a a r-i  a ” a 
u e a o op 
-_aP>o  ca 
jC><Poapaoa 
x:  p <p  -o  aia  o c 


a a ^ -h  n c 

■C  P -H  C -H  M 

a 44  B d c 
>1  T3  2 0 

a a -h  w a 
? o £ - c 
3 x:  g a 44 

3“  S'p 
o "2  0 


73 
© 
W 
© 
© 

* r-  U 

0 >, 
m _ ;7 

S 6 0 

s«* 


3 3 

2«g 

P 
a n 


a o>p  -h  c ° 

•Q  »cow_,o  p 

„ b -h  ^ o a 
g P n a . o>-p  p 

P < -H  0's,  hC£*< 

p cp,  -p  p a 
^ 0 * q ..  *0  c 

ar-ix:a-Pcaa 
aoou  a a -Q  p 
p *p  o a •■hq*  a 

e>-ia-HPCaca 
Q<IiDOhd  O >1 


C C • C.  >1 

a o o a u p 

C -H  -H  -P  *H 
•P  P P '£  B 

o-i  a a 3 c 
p p oo  a 

P P O'  TJ 

o c c P * 

p o o*:^  2 
c c-p  \o  £ 

OOP  44 
a o o a 
sx  3 . *J 
4 SSo.° 
Bp* 

fl 

•H  4^  , 

O O • \(o 

a 2 o p 

H£h"B 

o!**  8 ^S44 
Bp  C ° a * 


I » 


© 


X 

*H  c 


© ^ \H  c 

° © ® ^j*o  o 

O © -H  ^ C 


+J 

*3  c a 

O 73 

P P C P 

© 

© 

Pp  E 

op  a 

M 

5 B 

•be 

« © © 

a p O' 

© 

O O 

a 3 

C££ 

a p ^ c 

G 

rH  © 

a jj  a 

O 

XI  gp 

a ° x: 
a ja  p 0 

(M 

p 0 a 

h 

• 

• 

• 

x:  p a 0 

1 

rH 

(N 

n 

t4  CUP  P 

•* 

C-H 

g"2o^  ? 

• © }4 

«p  M *0  0 

Jgo§.1§ 

5+Jc|-g 

•o  o 3 o 

* ® 2 ^ ° 
c a p a -p 
o 3 * tj 
p p 5 ~ ,- 
P C 3 B 3 p 
O.  o P o 

§ p 5 ® « 

3 P 2 iC  B 
o a ° p p 
® p — c • 
«p  J c?  ap 
* c £p 3 a c 
a P a a a 
o TJ  P P 
a c p a a p 
£ o o a <n  e 3 
H o p 3 m p o 


>1TJ 

p a 
H B 
a 3 
c a 
a a 
tj  a 

® c 

p " 

c ® 

p g 
A S 
P -O 
■H 

> o 
p 
a 

^ a 
g a 

2 p 
5 o. 
22 
c& 

1^5 

O *2 

o 5 
© > 

Q 

\ -H 

g'-P  .C 

0 M 4-> 


5^ 

2L 


o ~p  aaa^icpaacaaaa 
a ppppoPooaao'axixjpp 
ac  a p a a p a a > p p 

O i.TJ  3 P P b'B’O  CLiTJ  o.  a p c 
o-  p ij{  a p cup  a a a 
«p5  ® a 
• a 
a p 


p topp 


WW  W m n w 

CP  Bp  CP  m B-WP 

P o a O o a a p 
h c44®  pcoc  o>o  p a 

_D'_TjBa«ag 

- c o'p  2*2  ‘ 
in  a c a p « 44 
B UP||«  C 


5^  \c 


5®  „a'-,TJEa™  ®g 
■^Lipa  . a m m 2 jc  3 
44  3 3 <44PpN  p 2 -P'  2 

m O'  o IS  o V,  2 

a JJ  XI  Li  r-  m 3 . , a 


W,  w'B  ® 

M C £ 
a p «>  p 
x P 

P P „ o 

•o  a o p 
c p p 


^5Ss 

BB§'m°3C®  °\3^<2 
” R m OP  # p;3  o 2 

© o • o ® ^ * 

>,c 

” a « « „ I 18 


pp  ® 

a 2 a 

> n 43 
© © ° 4J 

_ 

. O 0 
£ li  tr . 


p,  o'S^fifl  TJBa  M 
^«icac  3#  J ? © ©JS 
® • p o >>Sh5  «h5  >#  a oM 


m >i 

5 2 >>5 

i®S§ 


TJ  -3  o B 
cp  C 

a a 


■~r,o  p g 
a p ® ^ ® p _ 


o o 
O' 


P Q. 


r H 5 E O P £*;a  • 7?  O'  O'tj^ 

a<°g«S'§*5-Ml£^°-52^ 

22  p a ap  a B 


a cu 

* § 
O 3 


c 2 


TJ  B 


a p 
o c 
c ‘ 


&§& 


x:  ■”  3 
4J  O 
TJ° 


- a 
« x: 


o 3 

o o 

IO  . 

3 P 

> 

g 4J  © 
2 C U 
® © © 
U %4 

• u u 
£ p p 

HU© 


gp'-’P  B~®0  r B U 7i  r 

O'B'XJO  _ p c3-ccPa 

C3'£,HaaJ;^a^^oP!,,x:5 

a p ^ p O' o ^ p 2 b p s £ 

.*’g.2c2'Hp«-°5 

c SZ  fl)  ” -H  © Ml  rH  © 

?^-n  m®-C  33M^5o) 

J-l  »H 

p 3 2 2 a a 
a p £ a — -p  o 
Spp-cg  H*p 

O O B © B 

~w  *H  © -H  «H 

©4-»CD^®®  fi  \ 

n<N  .p*  ovoppx:  3 O' 

_ ap  pc^-xj  « p£  ■ e e 

iH  >©4->®-H  © © >,  *H  *H 

iH®OC©4->  © © O'  © *H  - »HX<N 

3£ia  ai£  C C£n£  «)£  CCCMH  (0  . 

CQ  4J  rtJ  O'-*-*  ®-H4J<N4->  Db4J  O'C-H  © BO 


n 

© ^ u 
o © 

C -C 

© 4->  »H 
M rH 
© 4-4  -H 
4-4  0© 
© 


r» 

O 


? tj  © p p 

5x»  ©^3  £ ^ O'®  0 

®°5h  ^ ®5  ctI  ® 

X2  O C 

w _ 4J  O a ^ © fi 
o 2 *£  p y TJ  O 

p5®2®c®cp 
?Pp2®a2ap 


Q- 198 


* 

N 


O Oil  0)  CHH 
££  O O 

44  E-*  -H  © Cl  >-» 

4>  U C 44  44 

4J  o o c c 

•I  • n)  *H  O O 

.C  TJ  .C  m 44  U O 

44  0)  4J  2 © 

■H  5 O # s; 
TJ  TJ  o x:  J 

o P ij  rH  4J  3 

O « « O 2 
;•§ 


© 
© c 


© 

3« 

S3 

O 

ffl 


® ffl  u C ffl 

s S-o  °& 

.P  ® 73  . 

J^P  ® C © ft„ 
•°  « H O « « ft 

£ u "-a  ft  ® 


•o  c 

© P 

ft 

O 3 
3 O 
73  rH 
C 

O ffl 


© 4J 

« px! « * S' 

® §3 > * o 

» °*ti  ® s « 

O 0 S S N C 

O © TJ  c 

**  5 © 1 

ffl  - ft  O 

>1  ® ® ^ M 


O' 


ffl 

a c « T>  ■?  ® 

S^XSo** 

0 P ft  tf  O 
O P « 

p © c 
ft  ftp 


* * 
© 4J  44 
4J  © *H 

u > 
o 


o ® © 
G 43  •* 

ft  p ■* 
-.JJ’p  © 

ftp  0 C P 


p e o o c e 

C M ft  ft  0 O 

® ft  p 
e _ n ft  o 
p • ^3  ® ® 

•o  © 2 -o  o p 
« "H  ® t,  © ft 
“ ■o  o ft  * 
ffl  o’  p 
C S * c 0 -0 

P _ P K C 
® m « 

« j.  m . 

© „ jH  r 
O « ..P  CP 

2 °p  p 0 ^ 

« p m 2 

_ U ±J  © 43 
Oh  -a  CP4-> 

® 5 2 

ft  5 p -y  rH  tfl 
•H  C Jj  g -H 

IsS^p'S 

2o»c  o 
hCcUJ? 

•o  ®p  ^ s 

Xj>  Jj  *©  • 

o h «i  Or  o 

£ggI°«JS 

-^5*8*3 

sl^sSJt: 

« v -t!  0 

•r  n. 


© c u o 

O'  © -H  44 
C > -P 
© 


o 


2,3 

-8 


I— I ffl 

© *H  . 

-H  O 

+>  o-<  o 

c P -H 
® ffl  £ X 
P 0 0 

ft® 

**  VI 

0 c O 


o 73 

° <0  p 
p ® O 

«p  p 
3 


T3 
® 
O P 
C O 
© 

© (U 

c 

O o 


°p  S c5  * 

® V 3 D ID  HI 

P o ° -H  © W 

H © -H  *H 

S^Socppp 

Op  o „ P X-H-H 
®P  N ©P  «PP 
o O s,P  P 0 0 
P P 3 P P 
® x 0 o © o u 
xiooviffl^oo 
HPOOOPSB 


a ft 


“Ppi^®_ 

© © > o g o-g 

© ■§  o ® **  ® c 
rH  O O p ® P 0. 

© >,P  A o 
O 0 O P p O 3 
3 0 0 0 DO 
a a 3 3 >1  3 
O 0 O V T3  VJ  B 
a o a c 3 c o 
X P P O P o o 

w p T3  o a o vi 


O 3 P -h 
C P 
*j  p ® a 

a P © o ffl 
p O ftp 
© O o ffl 

.c  t<  © 

c**  p-g 
p.ciiS 
£ P 3 ° 
p o -0^7 
C P ffl  ^ 

*H  © rft  0 

o © o 5 ® 

ft-C  C ^ 

V © 

rH  4-> 

© © 

O-H 
P 3 ffl 

P >iO  O B 

P P ^ M O 
^ P P 3 P 
O O O O C 
P O ® 
« X © p.  CP 
£ O £ X M 
H P P © 0 


« 


© 

u 

*0 

© 

a 


© 

o 

« !i 


3 C 
o o 

JC  p 

a p 
o 

. ® 
PW 

C c 

-H 

O TJ 
© © 
O O 
•o  a 
P 

pg 


I 


© 

© © 
M O 

&s- 

-H  -H 
73 


U 


-«S 


i3  • 
© o 
H in 


U 

A 


© <m 

x:  o 
H 

© 

. a 

73  ^ 
m O 

® o 

3 © 

•°5  • 

?VI  o 
p O 
© 
ft 


© 

u 

u 

o 

o 

p ffl 


o 

0 

•g  ft  ~ 
©wo, 

o c x 
c o p 
■o 
•0  P 

^pft 
!«  c j1 

ffl  w 
ffl 

o o P 

p p 

p c O 
•5z 


o 
o 

© vu 

S jj  R 


ffl 


o 


con 

ffl  4-»  O 

© 4J  TJ 
4J  -H  © 

©^p 

£ss 

© p 
>. 

o p -o  • 

ffl  P © o 

3 P 0 W 

p 0 c a 

o 3 ® < 

> a p 
© o 

_ P VI  p 
O’p  © 

E < P O 


P X)  © ffl 
© C ft  C 

2 0 o 
e 73  a 

p Q P 0) 
e'en  3 © 
C Or  O P 
© jC 

VD  ffl  tT 
© CO  00 
#p  O'  >1  O' 
7j  *H  ffl  rH 
£ 

■P  H 73 
^ ffl  C 
Op  © 


**"■  73 

U rH  r> 

u 

C 

2 ■p  ? © 

© (N 

5 £ £ P 

ffl  © 

3 p 2 © 

tP  u 

„ P to  0 

© © 

ffl  0 m 
P*  O'  © 

U • D 

ffl  O 

■5,  ffl  'O 

> O' 

ffl  E O' 

© «H  CD 

> P 

ffl  0 O'  1 

ffl  44  1 

ft  ft  E 

4:  0 

H 0 W < 

(H  C O 

1 , w 

1 1 w 

1 0 

J I < 

1 < 

! 1 * 

1 ^ 

- D © C 
® < C O 
n O 'H 
O ffl  -H  P 
7^  J2  P © 
fj  P © O 

^ O-H 
^ E -H  fH 

a o a 

^ a Oh 

u «m  a © 
o ^ « 

-t-i  B r> 
cj  -^  ® ® 
c P P O' 
© © »H 

P ^ 

ffl  O ffl  ffl 

jn  qj 

E-»  > O P 


5 


73 

© 

£ 

73 

>1® 

P 

czl 

O TJ 

li 

a « 
ft 

P 73 

5| 

E O 
© ft 
ft  © 
O 

• td 

ft  E 
p © 

fi 

ffl 

p p 
© « 
£ p 
P a 


a • 

■H  p 

.c  c 
p © 
> 
C ffl 
•H 

u 

*o  P 
« ft 

P Or 

c o 

© H 

© ^ 
© o 

p 0 
O 0 

s§ 

ffl  - 
u C 
a 

a m 

5 3 

**8 
. O 

So 


>,73  O M P 0 O P 
PC000P3G 
P03OPOO© 
® P 3 ttP  B 

ft  P ->  O ft  P ffl 
O c O 0 © 0 Or 
ft  P Cft  > « 


r;  o) 

^ 73 


O 


p« 

o ^ ° S.' 

•o  ft  o ** 

E O C 

0 4J  O 

h a f *h 
■ H ft 

p © 

« p 

p © 

3 M 
p 


© ^_r 


&P 
m P 


0 O 

§E 

2" 
^ 43 

S a 

o « 

73  O' 

ffl  © 
» U 
« © 
0 a 


x ” c £ « 

p 

« 

glo^ 

Pp  • ■ c & 
ex;  p o' o-o 

3 H ffl  Ch 
O > *h  tj 
0 pp  ft  U ffl 
© &a  « 3 ft 

.5 «| P E 

a-e8«|s,. 

. Ux^  0 

©ft  © ©2 

2 #x:5  ® 
.73  ,-pft*,V  O 

® 2 ©„*'  >,p  ffl 
Is  ? s TJ  O O 3 

2 ,H  52. ^ ffl  rH 

•H  7h  05  S’ ft  ft  VI  VI 
E P © c 
© 3 0 0 0 

O J5^  10  0 

M « ffl  p ft  _ 

©U  ® * 3-p 

* ft g p^p 3 
p^  Vvv O 
®p  ft  o 
ft*  o c o 

P * p 0 U 
O 

73  P ffl 
O'  ffl  ffl  Vi  p 


5”§5 

© © n o 

P © TJ 
P P P P 
3 ffl  O O 
O > ffl  O 
ip  ffl  P P OP  Or  ffl 

iftTtaffloaoo 


EPffl>,Offlft73PO  >iVi  ffl  (h 
OEfflftCftPCCPPOPO 
ffl®  O 0 ffl  ft  p OP 

Pft_m  ffl  B Eh  O C ffl 

®ft£pTJ73~P  Pppp 
3 p p 0 p 73  XfflO 

2 3 Cffl  0>0  — 

*3  ffl  O O 0 ffl  rPfflVl® 

•O  O P 3 P p >H  p 

ffl  3_ftm  ©ft 
ffl  r?  .ft  e o ft  p 2,  £0 

PftiJ^ft  >,3  Oft  O c ffl  P 

© 4J  n O o *5  *H  .5 -H  TJ 

Pp  O'  -P  ft  P 3 £ p ft  >iffl 

rH^XEfflOOVi  P P P ft  c 


8 

* 

rvi 

^5- 


SJ 

* 


73 

"p  o 
ftp  o 


c < a ffl  o p 3 'po 

OOr  - ft  ft  ffl  ffl  m O P 
PW«<P£h  (IIP  O'  C 
ffl  Or  ft  C 
3 Vi  w „ p ■O 

P O E .fflwPT3® 
U (11  H r .C  H H " 

0?°  J"oi5gl 
°g^5^"©3® 

ftft  0T?  ffl  „ ft  ft 


ffl 


ft  ■g  0 
C P ffl  P 


ffl  «PH  O P ft 
©P  p p-g  o 

ffl  >1 
ffl 


c 

O ffl 


© 

© c 


- O ffl  ftp  m 
in  P p p 5 o 
X ffl  O' o « 

S ffl  c E ft  » 

Vt  £ ft  P ffl  M 

o?ft«HpS 

Or  „ ft0  in 
>,Bffl°ECS;pft 

a ° i*  «p  .ug| 

5 So-gftEC0:| 

25o 

pp  o G © P >1  Vi  73 

E Pp  73  L • 73  C * 

«0.ft>,  73  0 C © ft  p p 

SgooCpoBO^ft  P 

£ Sft  E B 0 P P O ^ 0 

+J0p3>£CPft0SfflP 

C S'*  •PMO<pB73^ 

0 Er^  0 o * 2 ^ 


co  % >ft  o 0.5  p 

sgcSft^s  .5® 

®30_c 


©CuftrjTlXPft® 

P ° pffl«°gft 

Or  E — rr , P P 

ft  E.  0 3 ffl  03  -ft* 

O >t  ffl  •*  73  p c 

O 


0 P « 

®e-s^ 

H a 
o 
p 
a 
a 
0 


-P'S©  m m Pp 

SSgfflSpgSgfflft 
w-°g3^g|t;g 

o o _ p B 3 £ 


N 


©■O 

p 0 


C ® m O 3 6 

O ^ 2 

O ® I E 


ffl  P 3 O O 
30©TJmn^m 
0C3E®--® 

rH  *H  fj  . 


a © 


ffl  • 4J 
•n  © > nj  *h 

©ccPefflo  — B,o 

e op  o ftp  £ 52 

p©0EpP3S©rft 
0 p ft  02  ® v 2 

ftfflOfflffl^gftp 

3 p P © 


® C 

g§ 


« E’Sp 

r*  in 


M H <n  J; 
1 VI  3 ^ c 


J3  a u 44  o > 

1.  u 73  73  O 44 

*©GO  ffl  4^  B 44  © 

"ODfiCP^OlCB 
00*H0U©MfflC 


H _ > 0 S’ 

Slffl"? 

•o  2 _ ffl 

p £ ffl  ffl 

. > EH  O'  > 

§2  &5 

a'"53 


1 o 


p p axi 
ffl  0 73  B 3 
ft  P >,  O P 
EH  © ft  O © 


ffl  CL 


ffl 


O' 


„ o © 

Q4  «<w4J  10  «Q 

X O ffl  L C © C C43 
ffl  44  43  Qi-H  73  © O ffl 


flj  ^ rj  © 

■H  ^4  -H  r (~!  44 

£ ffl 1 S S2 ® p 

V4o'->pp©poS®S 

o\  e22S 

-ffl^^oggc" 

ft  2 O m ffl  p 
p 2 10  ft  2 ® o> 
p 2 c « 5p 

O © 0 p ft  o _ 
p O © ffl 

vi  p . vi  © p 
vi  ft  u o ft 
P u ffl  O'  m _i 

"’^^g'-Sgft 

ffl^g^^^Sr, 

^*J-HUC3  O £ Ch 
©D'C©0344CUD'© 
44£  01  «JH  0)  CIH  3-H  > 

H4J«£  aL  o b d a « 


Q- 199 


Etojcafl^'w'w'DiDoaiwHn^rc'M^'M 


V 

1^ 

H 

1 

b 

Em 

H 

L> 

W 

W 

o 

0. 

< 

w 

0* 

>1  a)  _ . . . . 

H£«O*H+JQI*JCOOH«Ji:H-H)0 
H*JH  ^ -H  Ql  0 fll  3 £ iJ  £ 4J  -H  -H 

(0  A »w  0 £ 73  73  4->  X 0 fl  ^ O fl  M £ 

U © 0 *-*  Csa^CV  A -P  ^ * 


54Jl0H®^O 

o^0Qi(i)a}ij0 
rlu  ^ H s o P _i 

o *p  o a n ® « 

-HmX  0 IS  9 *H  ® 

-Q  .S  _®  JJ  -H  -H 


Q«*H  Q<  © C 

n ffl  ffl£  fl)  u „ 0 

2. « a t H «>  •* 

* “'m  Ss  *h  ° 

® ® ° _ bx> 


£ c ® 

o ® 9 b , 

73  a £ a 5 O' 3 

® pJ2  > e ^ 

P _ ^ o « 

B £,V.  O rH  <W  - _ 

O' — ® ffl  _J  P P >H 


5®P£B  ® .. 

g E b p ® h o u 
o o -h  az 

• .*!  oh  « 9 ® 

« h ® 5 n o,  p 


u 

73  c 

o c 

£ B 
P O'  ® 
0 C ® 
B-h  P 
IS  O' 

« „ 3 ® 


c O 


® © *9 

1JH  3 


0 


73 


O 

0 

U P 

O'  c 

<L> 

® C 

a o 

S° 

8^ 

U 

© 

c 


0 

2e 

%h  B 


o o 
c 

c 

o 

>1-H 

rH  p 

P u 

« 5 
o 


« -9 

■rl  0 


_ © x xi  c o. 

p ° p 5 2 S?p  a ow 


73  K a 3 <0 


CrHrH*'-®>B> 
-p-pob^oCB  ® 


c 

_ P ® P ffl 

•o  b > « jX 


Co  ® 
O S'"  «£ 
a 


uS-#pos^«;g5^s 


®H. 

• p ® « ® > r? 

o a ® b 1-1  3l 

9-1  x b 5 ^ rH  p a "£  £ 0 73  ® “ ® 5 

1 ^ “ A ^ « ..  m ® 0 P rH  XI  P « £ 2 ® « 

tj  4->  ® s-  (rtCL  ® jj  -H  O *H  , ^ 

®^cC?-HS‘H®0®BT3BC  n^'rt  - 

75  **  ^ O 5 5r£  ^ ® *h*h  ® ® 

® o ®S4o.7i0+J4J  *h  ® > 73  ® 

a 3 S t o.7i  -«pcpPo®£ 


P T1  H 

C ® 0 ®,  ■ 

0 4J  at  "2  o 
fi£  **n 


£ c a 


n§£  S®£D>« 
,-,3  g*  2 XI  O b P p o 
*)-HO°Vgil  -H3  0® 


p c 

C^tH 


C I 

o o 


® C B 0 


ffl  P B P 

£ u o « ® 


m r*  , i,  jsuy"9i»  ^ d ri 


c -i  ^ a 
o « o > . 
■HP  c 

o ® C m O 

B B o S -H 

P p £ m 
CJ  r P v m 

B ® B 3 

H l)H 


4J 

•d 

® V 

c c 


<w 


® ^ 
73  p 


m %-< 

<C  p ■>»  >1T)  O' 

0,(0  B J3  ® c 

®W  3 « >ii  E 


>H  O'  V9 

•o  ® * « ■O  r, 

_£:  4j  tj  >,p 


. -H  VI  . 

i « O 


® (0  e -h 


ffl  T> 


3£>epCPP 

0t9«o*BOB 

° a O'  it  ® a 


• r-,  M 

OflP  0 zr|  >,  n ■Hjih3«30 
«c  -h  ® p •R—xopb*  73  p 
hsjmjJhc^^  o x a p 

B-HOP  B-H  ®P>.®C*00 

-HBC<H®PCBpBO,C  ® < O «J 
£>0«£00«««a«s«3,hh 


O il  B 
O'  ® »H 
TJ  >93 
3 HC  -H  4-> 

®o^««®^® 

r-l  U G C ® fi 

® An®  ® -r5  -p 
p C 90  ^ 

+J  ® c 

® > o o ® o ® 


H«O>-PCTJA®AC0AAU  a<M  M 4J  C ® O > M 


73  • ® ® Ui  ® W 

C lll££  to  SZ  -H 
« 73  4-»  ® 4J  A 

-H  C 4-> 

%H  c O'  %4 
s,  m 2 c ffl  o - 

P ® ® - ^ -c  ® 

£ P B p p _ u 

«!?52=^ 


ViCflCBPP® 
O -H  0 73  B ® U 

c > -h  o x:  ® 

BbEb^h^j^ 

p p ^ o o » 

O *H  p B a 
B B ® 3 £ p 

£•>  b-Q’SS  O ' 


o P 

O -H  73  ' n 

BP  BO 
M p >,-H  "H  M 
O B «H  P 9 ® 
OHH  ® o P 
-H  #pa« 

-P£-2°c®b®* 

g^sSSi!  SS 

y - ® n a-i  g 


a -h  a 
o B p 
C P B 
0 B P 

-H  0 p 

U O 0) 
O C 3 

® o -H 

m 

o s;  , 'u  O : 

m 2 " c » ® ° 

® r 7J  (—  jj 

,C«C®®ppC 

pppnx;S  p 

P -H  — P 


! P m 

S ? c 
(,h  aj)  0 
® * § c 

p ® 2 0 
B ® O 

? >1  c , 

•H  >,  O , 

« 

73  ^9  „ 

| ® r7  B H 
! > O B 3 

m ® o 


® 

-*2 
® v ~ 

rH  « 

® -H 

> X 

® ® 


o ® 

4J  > 

O'A  *0 
C . 4J 


U 

® ® 73  P H-i 

> > P m 
®^4J  J® 
73  O B ® ^ 
O *2  A 

* - V 5 


c 

O'  ** 

O P 
c 
c 
0 


® 

M 

P- 
^0 
u 

73  w ^ ^ 

® ^ m 0 P > 

® O (jj  p *h  O 

A ^ C 


0£  ® D 

4J  O 73  0 

®'2-.  ®-?5  >p® 

B 

3 P ^ H c O U 


c ^ a 

® * q,  . 

a o b o c 

P ® 10  B 
B 73  _,  B 
' 73  jj 

O'  B £ 

_ C ■— I O' « a 

-h>,E3PbE-H® 

PB®Ot3p-HB® 

BBB°P®tM73 
P -H  B E B 
H B T)  01  O'  tm® 
B-h®E®»9XS33 
® >9  -H  U E 

H EP.®”C 

'""eSS^-Ss 

® p 2 £ p ® 

ti0B®SB3^® 
^_3^®£  o_ 

O,®  Sp-j73“  ® 

a >.  ?c*h  « 

OP®  -H  ^ P fcaQ 
P J,«“o 

&■  ® &V.°-  S 


« a a £ ® -0 

Eh 

O 73 
CB® 


> -hbE.  0B 

o p P-H 

O 0 P P 73  p 0,73 

OX3-HX0000 


> 5 0 P 
P -S  ^ Vl  ® 2 73 
® P O O rH 
73  ® 0 p 73  B 

P pH  0 P'-H  rH  P 

0 *H  p c c > ® o 
.CPOOBC-Ip 
Ei  U >Z  P «V: 


Eg 

P 
C 

o u 

0'*H  -H  O 
C *«  P t-»P 
■H  0 0 0 
rH  1.  M 0 M 


m 

<d  ® 
O'  ® 
u sz 

>. 

® Tj  o p 

§5iio 

373-h 

« o 


® 0 
>lP 


0 P P 

£ c - c 


a p 


O' 

c ® 

® ® ® 73  *H  *H 
U U UHdp 
0 ® ® C ® C *H  *tH  4-* 
C£  £ OA  O 0 0-H 
04J4JUPU>PH 


9 9 x:  %4 

A £ O'  O 
P *»  -H 
.C  0 

°"«U 
A ® 
^ 4J  a 

® rH  £ 
P H H 

E B g 
0 V O 0 
O P P^ 

2 x 

0 o O 
XZ  73  p 

•P  ® 0 

£ P P 

® e x v 

<M  O ® C 

-H  ^ 0 

^ OP 

?,  #H  c 

p ^ ® ® 

9 9 B 
73  4->  ^ *H 
U 9 A 73 
0 0 0® 
N 0 

2 O 73  _ 

^ o c jr 

p-1  ®-5 

B _ > 
0 p O'  o 
P B C E 
B -H 
® P VI 

® 4-> 


>H  O 


^ p o 
s 3 BTl 
° B 
■v  H M 
>1  >1  0 P 
HUUC 

H H -H  ® 
0 0 0 0 
C C >iC 
•H  0 A O 
a 73  a o 


O' 

% 


-nT 


a 


C E 

O 

9T 

0" 

S5 

P 

• O 

P P 

B O 
B 


P s 
5 S 

^ o 
u 
c 

O 0 

•3g 


gp 
o 
1.  p 

2.8 


it 

-fc 

□ □m 


® Cl  • 

IJ-h  ® 

7 ^ p 
p^ « 
°73  » 
O E O 
M 3 B 
0 n — 4 


O U 
r*  ® 
cd  a 

r> 

s? 

- M 


N p 

e • 

Ss 

p ® 

tJ  o 


(0 


<N 


C X 

c _ £. 

• E p 
b.  O P 


0*5  C 

,3  B * 
073  0 

P ^ 
a m w 
B 'O  . 

H 17  q 

XI  S 

p 

B 0 p 

0 O,  o 


0 

o 

c 

• 

p 

c 

0 

(0 


CM 

fl  U 9 (T\ 

p C 

CM 

^ CM 

B B 

® 73 

0 9 O' 

1 

® rH  0 1 

®H  X rH 

A -H  0 

£ 0 B 1 

u 

H 0 D O 

Eh  £ 73  W 

u 

w 

U 

u 

o 

O 

< 

< 

< 

a 

a 

M 

• 

O' 

B 

0, 

p 

o 


- 0 rH  73  - »X3  O • rH  9 0 0 0 0 0 

5£  B C >i£  0'>PBP£C£HH 
p p B rH  O'-H  P0PCP-HP  X 

o a -h  £ p o ® p 9 o 
cEi-3fl  sS^HpSb®*^ 

g-5*  •g  o *£•»=  t!  « “ e ^ 


'to 


j.  9.  Oh  J-  P «J  H O > 

S T1  _ XI  rH  B J3  £ -H  ( 

- rH  9 > ® b®_,°J5pvi 
S»b  5 Uh  n o 

B?0  0«H«  . g ^ 73  3 

linp  -h  c p "*  £^p  « b xi 

a£p  c _>®C  t g P > o 
3h®«J  J Oi®  b*B073b 
O H<c  St<  St  ■H  Z C ^j  firH  a 

c5*  ‘SitjasSs  S B « 


cicEc«^5o«®g5 


B O 
3 


i li  p t> 
‘ H -H  P 

; p 


B p p2  5 


fl5  8g 

id  on  !4,“c‘'5*£ 

5°°S2  „ 

• P c XJ  p ° 0"d  a j 9 0,8 

p o oc.oXc'Tja* 

2-rl.  ® 0 ® C O rHB® 


B B -P 
■H  C 

p c 

<6  g-H 

p 


.Orl,  0 ® ® C O rH 

OaB  9CB^O»OE  • 
■P  3 B-P-P  « “ 

■E  73  rH  S B 73  * 


O'® 

P2 

° B 
m E 
• O 


P g o 


O'  I 
C 1 


3 O^  “E.f|  CP£ 

o 

O P S,  ti?073® 


Shh^  g 

“>o  « o 


3cvS5?o® 
_ i p o o E p O' 

0 - ^ jj  _i  . 3 


&•  a it:  ® . 

> S c p tip 


B E 
© ^ 
p B H 


® O'  _ B „ _ _ _ 

-0P  ■O.C<,PcC  B ® ' 

S«£P*®5-hBPPC  »i>,P« 
ShJ  r e 73  e bc^bobbp 
•«  iOC/i,hb;h£ 

°°  gS°B^ 

B u.  . ® 9<-h  Vi 

*P 


• 5gpS.«t 

” P - B B P E 


£ -H  O 


O 0 « 


,5>0Mg^iCMuc 


O ®73  ® o 


0 C 

f)  %H  % « <n 

•H  073  _ _ 

B -H  £ C £ 0 

0 C ® B O P P 

£ or4  P O 

t)H  V « 

P > rH 
3 P O B 
• rH  B 0 P 


a 
a 

b ® 

Crl  X 
a rH 
B rH 

B 0 P P 

rH  B 3 B 0 

0 3 3 P -h  > 

p O B P O 

0 rH  o 


P 0 


o B 


3 . 0 

0 B P p P 
B-P  0.C 


£-H00  0£B0OP0_ 
p7)C«B3O£PM«073 


B >i  B 

a o 

-H  4-> 

■H 

® a 

C 

O *H 

C 

> 

0 

0 0 

0 

■H 

a 

a c 

o»^»  0 

B 

0 0 

u 

O A 

0 

0 73 

o 

0 A 

u 

b 0 9 ® a o o ® 

■H  £ 73  £ B > £ 

POP  >,  rH  p p 

P £ B P 


H C B 

WhJ 

Q -H 

IK  P j,  - 

# C © O o * 
£■  0 -H  ® 

p o 


p >,3  ag 

B r9  rl  C 
Hoi  9° 


« p 

0 

B 

c 

o 

o 


0 

£ P _ 

P 

a 
® 
o 
x 

© o 

P ? 73  «-P  « 
ci  u •a p « p 

51||||5S 

B ° 2 r*P  P A 

5 8 m ffl  »OH  ® 

®0C®0^J 

a £ o a ® ■> 

• p o 2 >,2 

HH  V 


® B 


CP  « E® 

B « 2 J > p W c 

• V 5 B B O P 

Sc  Vj£C  .« 

£¥,0°! 

0 0 • ® p 

0 b p c x:  p -h 
> £ 0 O P « rH 
P -H  0,73  O H B 

6S  O.^P& 

£2c§gSp  • 

^ ® 3 B ® ^ 

ft®  tr  p ^ >,p  « 

rH  B JJ 

« 3 o 

= > C 

B 0 %J  <H  9 

>9>,nB£oPBB 
• 0 O BO© 

B > P 0 
*H  O'  ^ M 0 0 
•*JCO«BU 

M r-l  ® -H  4J  0 H 

«U^BXUC*J3 
A X 0 O **h  0 O 0 0 

p®^»00V4U®Vi 


73 

© 


0 

9 

U © 

« a 

c 

0 O 

-S  o • 


>*£ 
• -q  -a 


nH  i.1 

b ® O'. 

C B E . 

B S' 

P 1 


Q-200 


OHIWW  <1  «yOTJ  ® HI 
CCOOXX3CfflPP 

o §h  h->  o b tj  ® x 
C JH 

tu  Q) 

O P 

„ B ' 

g . O' p-; 

§ TJ  c (0 
* OP  ft 


P O § £ 

41  (0 
p • 2 
»h  M 


c 

C U C m 


ft  m 
<A  B 
3 a • 
a -h  m 
C tj 


! p 
<igg 

44  (0  m Q)  *H 

'O-Hqjj  © 4J  VI  ^ 

»\  ij  43  O O'  oi  * 
" ° ffl  P „ ffl  « C ® ffl 


p o 

o a 


e p 


P-, 

® 2 ® ■c  o iJ p s 

jjPti  5 O •O 


0 
I ® 

I -+!’0 


;p  « 


« ® 
I © 0 


E’sp 

3 ° 


3 

£ J S'8  ? O ® 


5 2*  b£ 


® ® O TJ 
rrt  E 43  C 

**0 

2 ffl  •v  3 


tl  H 

« 5 « p 
pi;  p 
p a p p 
•*  ffl  3 

£ 0 o ° 

• o m m 2 O’ 

® -h  $ 9 P 3 


: x « p 


0 2 « 


e*  p 

© £ 

© C w TJ  S d ^ ^ 
©T3  O 0 ® , 3 • 0 _ 
Lj  C 4->  O C 3TJ 

<u  3 « © © © ° * £ o.h  © 
fiio  JcN^.2  hj  n 

§ B«3£ixpj;  3 

ffl  s pp  *4  O a 

opg'^'0B’®°co'9!8 
M <u  i ffl  ffl  TJ  P O 


ffl  ? 
a 


•h  T.  •ao'Cop  sp 
■OPCfflccwpfflo  a 
_i  w frt  m — 4 n r*  *rH  m 


0 43*0  © 

O U 


O H- 

ffl©  H © *H  © Vl  0 rH  © C 

H 1 

xfflm03Bd)PB0P0  1 

ft  0 

H UH  31  (S  44  4J  ffl  0 fl  U O 

H 

u w 

. w 

w 0 

1 u 

ft  < 

< 

co  a 

\ °< 

ffl 

O' 

e 


ffl  © 

-H  £ 


jjS 

1? 
c ^ 
Jj  „ 

^ ft 
o 

Vi 

O P 

B 


-«P 
r O 


1* 


Vi  in  P 
Oh  « 

X 

p P P 
£ ffl  o 

o>> 

~1  ° B 
p _ o 

c-h  ij 
■H  p 
p 8 5 

S a « 

§5'°^ 

ffl  U P 
P _ ffl  P 
B 'S  ffl  O 
pC  3 
ffl  id 

HH  ji 
- ffl  H r 

5m®£ 
p « <d  § 

Q.  0 3 

on  g 
p ® „ p 
ftp  c ffl 
ft  o o 
(0  ffl  "H  ffl 

CP^  ® 

’-"3  pp 

U © -H 
>»  a rH 
m ffl  0 ^ 

5 5 « 

ffl  ffl  p VI 
p n b 
ft  •-<  _. 
B ffl  -H  ffl 
O 3 B o) 
O O -H  o 
C ffl  ft 
B ^ ffl 
3 <p  P 
m^o-o 
•p  o a 
> ffl  c 
a ph 
p « b P 
x x « b 
HP  >i0 


rO 


o 

O C 
v» 


^ rH  CT  © © 

o ffl  c *h  x: 
o e *h  x:  v> 

QiC  C H 
ffl  ® 
ffl  TJ  c 

§p 

•SiiScS 

^OOic 
2 a8* 
fflp  8 

»Scp 

B ^ a 

a b 
o 0 0 a 
N p p_ 
jq  a p « c c 
B ffl  > -H  O 
P - p-p  o 

°-S5  fc 

— M jj 

5° 


>i  . 

5 *o 
^ © 
■p 
o o 
C 3 
*0 


*2  © 
3 5 P 
W > © 

Tj  ® 

2°^ 
•is  s ^ 

3 C 43 
O rH  P 
U O O 


3 c 
© 

0)  3 
p 

Pp1?  p 

C L i)  S, 

- 

p +j 


o c c 

O O B 

_ ft  O B 

^ T> 

B ffl  O « B « 

p £ T]  £ « -c 

p P S o -P 

g a 

^ * n 0 

_,  O C -C 

•S  O'  O p >1 


O' 


c-p 


_ O'-P  P 0 -H 

•P  C C -H  >0 

H So  pH 
« B « C OH 

a -p  ft  o o b 

H P ffl  O ft  > 


SO 

% 


© ffl  H H - 

> *H  ffl  ffl  e Id  ffl 
o p p u 3 e c 

P ffl  ffl  3 C O 
ffl  H E P ffl  o -H 
ffl  T3  -H  p 
*o  c *Q  p ij 
© . ® 2 
— rH  rH  Tj 

« 2-s?  e « 
^"5  - 


© ffl 


© O 


3 ° 
? ffl 


ffl 

© 4J 


p ® x g 
o -o 

® 8 o ® 

P o o p 

B « 


B Q,  JJ  P 
p ffl  ffl  •£.  ® 


;3b 


g'-S^  6 

5 <a  giJ 

c E 
o 


ffl-c  g 

sjg 
« ^ J 

o g2 
^ o 


. — O' 
J p p c 

ffl  B O *P 

Sen 

ffl  ]]  p m -H  c « 
p t{  ffl  rH  m O P 

2 *p  b jj  o n 

® *J  ® p B C ffl 
■c  c M ffl  £ o "C 
^ g bp  o gp 

C c ® nip  ® B 

■5  §5vh  2 
° °^  | SiJ 

“ ..  tl-H  O' 

•H  P ffl  * 5 P ffl 

®S®ffliJfflOp 
ffl  B B O ^ “ P 

P -H  ^ , >i® 

■opp-p-px:  b 
_,  ® ffl  b f9  » 
a “ 3 E ~ P P 

2 h£p  H ° 

•y  lH  rH  P c P C 
ffl -h  c ffl  ffl-H  a 

« E C B rH 
O -H  rH  ffl 


B P 
3 


ap>oC'OOft> 
£ B I 0 ffl  C.  X ffl 
HChOIOPfflH 


p 

c 

• 

p 

o 

ft  • 
r> 

c 

O so 

-H  ^4 
44  0 

so  a 

«H 

3 - 
E O 
3 r> 

U rH 

O 

0 I 

o 

-H  ^ 

43 

© 

© O' 
£ 0 

44  CU 

c c 
o o 

• 44 

• c 

• © 


2S 

o to 


• V 

c 

© © 
O' 
O 0 
X © 
r U 


u 


* 


■^r 


© 

*0 

3 

•H 

c 

O' 

0 

E 


s g 

B 

■H 
• TJ 
A © 

44  © 


?2 

2;  so 
© c 

43 

© 

0 

© 

rH  C 
soo 

44  *H 

e 2 

44 

>H  g 

2;  8 

ffl  c 
• o 

£ 0 


% 


O'Offlfflffl'Offlfflx:  • b 

c p a O'x;  « p c p ^ o 

-HBPCP-PBOBiHHi 


P TJ  -P  ft  B p 
B P <p 

> ffl  ffl  p p 

ffl  p C.  3 rH 

P P O 3 
o'P  C ffl 
C ffl  H ffl  ffl 

_n 

0-P  P O r « 


■52-SpS  f 
p ..  3 biJ  « * 


5^pS§! 

■O  C -o  2 g 

P ® c c £ o>  o ' 


;-p  ffl  ffl 


jj  B B 

© Qh  ^ 

•S  « J 0 

„ in  Q1  O 

PPB^®B«)  x P 
O O g*0-PP  ffl  ^ O . 
©5  ©3  S'S  ®*r4'0 


S’gj.S  s«Sfigcg§ 

a8jVs;oib° 

a-ffl®0fflffl3ffl- 
3 P O'  O >?  ; 

„-nP  P P C a®  hm 

g^pogo 

p P O O •P  -nfflpgfflR 


« 2 
© 


t •»  B ffl 

3 x:  £ 


Vi  o 


p-ogxivi'pgffl  a 


pp  C o ffl  o 
B -P  > P 


££H  C 


0 B 


B > P 

a W rj 

a,  x * 
Sp  ■» 

w -p 
a o 

P _ O' 

B 10  B 
X « ft 
p rl 

p 2 o 
8®" 

*p  s,  a 
« P 

® S c 

« g 
P B § 

O g 

°T!  n 
44  43  U 

■n  ffl  P 

« X 3 
5 P O 

8 O'  c 

P C-H 
-H  P 

•O  c<o  • 
O'  ffl  p 

S®^B 
3-8^ 
0« 


gsg***  a"fs 

2-P.OC&  S^cao® 

^ 4)  r O fll  A -rH  C C f-H 


c ® 

5s. 


c 
© 

4J©n,4j'^’^o(j)©'Offl0 
C X Bp  'p  P p P O' 
fflPO0HB«#«*  C 
ffl  pp  OP  Opp  fflp 

a p a opppp  a x>  pp 

B B'H^PP'O  >i  «P 


..  CCPXB 

HPPP  fflPPP  B 0Eh*j 


C ffl  ffl  T 

0>B0 

■y  o ffl-o 
g > P c 

ffl  c C B 

P p B 
P pp 

"VIP 
P 3 • 
P ffl  ffl  B 
3 ffl  C P 
O P 0 B 
><  P U ft 


10  • P 
W ffl  P 
Q ffl  B 
ft  P 
Z P Vi 

ft  o 

• Oi 
; b 

• O' 
•a  r>  c 
ffl  p 
C P 
P B ffl 
B P ffl 
P B P 
X ft 

0 ffl 
P 

2 ° 3 
X o g, 


O ■ 


a «p 
•O  O'P 
OB? 

• ft 
C >i 
• n ffl 
.PS  . 

ffl 

c p ’g  2 

°§5o 

O © ^ 

*H  0 Tj 

® < © 
rH  ft  44 

0 W c 
c © 

Or  ^ O' 
•H  • >4  0 
44  44  © © 
HH£  ^ 
*0  B 44 
*0  w U £ 
< © 3 © 
c at-  c 


$ 

tc 


O P >1 
P B P 
P ffl 
P ffl  > 
C C 
B P 
> B X 
ffl  P 


® ffl  » 
u X 
P^p 
2 c 
c « 2 
a 01  5 
p 3 Vi 

B Vi 
C U-rl 
O ffl  -o 

0 
3 
44 


X 

C-H 

© *o 
© 

M 

O 


-J 

S2 

o 

ft  n 


„ ffl 

a ^ 
O’  o 
c 


£p  «. 

p X 01 
Vi  B p c 
o p p 

-•s 

i o 0 
« ® : 
| rH  © 

1 a*  ffl  © 
1 * 44  44  -h 
C C M 
, ffl  © 44 

- J c P a 

*0  44  o © -H 
>h  s 
A 0 g VI  © 
3 O -H  43 


H a O TJ  o 


GfflfflfflbfflrHfflO 
43Jh©X3©®0>*h 
0®-H44  43*hViOC 
h)>TJ  44U4J430 
3 O'  0 © C 0 Jh 

v®+j  c ^ ao  43 

(Q^ffltH  ffl  U H U 
P ffl  P P 

c x ffl  2 p x o o 
Bpx’oi;  o . ax 

P Eh  , mP  -O  P 

p p p ■§  9 -o 
Ob  0 x ? p c c 
2 x • 0 o _ 2 b p 

C4J0)  nO© 

O ffl  © 4J-r^mrri 

°X^!prH  C 3*JJ^ 

^c3S5“"S» 

w_5Jffl®'dffl«+J'p 
ffl  P^  «>  « 
«2-g-2'°3  o 

bk  «H  o BP  3 0 
c T3  0 18 

Sg^p-S 

p p p 
c O’  c B O 
O C ffl 

43  « ^ ^ C ® 

m 0 0 3 

43 


SO  g 
O © 


Sft 
® 

• x-o 
w ^ ffl 
. o CT5 


3 5 


- p 
0 O >1 
p P B P 
H t,  C fi  H 

c s ®h  a ffl 
Pffl"^1  p c > p 

aO^~r-mfflO 

o 


r\  f“  0 ® O ^ ' 

Shotjxb 
rH  B P " 

Jh  0 Ti  44  ® © ^ 

° u ffl  X >-£  ® P 

^ c 0 n ^ 2 

- O'  O'  _ 3 

c a a 
;ppfl> 
X B P B 

P p > b a 

x p -a  a 

C0'>CB 

BpviaBSPao 
fflfflfflXBSpP 
<aappoaax 


p co 
o c p a M 
C o O ffl 
P -o  TJ 

a 4-1  o a 
p a x ® p 


Q-201 


C 0)  o *-*  o 
Oh  CH  10  C 
-H  £ I B 

-P  0) 

(0  CH  J3 

U O • < 

•H  tO  P ^ «H 

rH  JO  • -H  W r-\ 

a © © e -h 

a m O'  G :* 

© C M © ~ 

p « © 

0 = £ ® £ • 

£ O m_5  0 O' 

£ H ffl  2P£  C 
o -H  fi  P £ -H 
£.C'04J  S £ 

O £ ® -o  o 

® n ® p ® p 

C £ ® 3 ,2  G -H 

o S 0 ffl  ^ -H  c 

-S  O m po 

£ 0 a-H  « ” 6 

«J  c 0 n ® 

55  ^ r'“*J'W 
h g a«  2 0 
> « ® ° o m *0 

0 JJ  £ C 01  0 

0 P < c^tJ 

ffl  -O  — ®*  0 .,  m 

5of°- 

P>„'C*<« 

vi  ■ O -H 

O 0 £ P -H  O' 
° -H  3 « £ P G 

_ 0 **"*  frt  *H  *H 

® £ O X -3  p £ 
g it  O ® 0 G 3 

5 E £ ® TJ 

6 C ^ c o>  ft 

3 ® •£  o ® _ P 

g.a^-0®  g 
® w - « 

-C  g C "S  «H  ® ® 
pgoJapH 
s,«  sua 
• z*)?cmi 

£ 0 5 O-H  £ 

® c -o  0 o « 

£ *»  0 DHtt 
£ £ £ ® rH  ® 

£ £ O'  O £-H  £ 
3 O 0 3 C P £ 
ft  <£  *0  ® 3 ffl  -H 


® 


£ a 
P £ 


£ 0 00  • c c 

>H  (M(  B O 
0 £ C 3 £ 

J B-H  n ® fl 

CH  n 3 I 
0-h  5 o B 

0 O 0 u O 05 

P 0 £ -H  \ 
£ -H  o C 

_ C 0 -H  p *0 

!32-5®c 
Sow  s° 

c B « ® 
O p £ —-H 

0 ^ C < g>s 
£ P 0 

0 E -H  _ 
£ c ® 2 
>,PoS^ 
0 £ 2 .. 

C _.  -H  ® ^ rH 

ffl  -O  > rH  O «J 
£§§*«=§ 
*-*  s-^  0) 

g ® 

5-0  g® 

*j  cT;  o 


o * 


® gc^l 

4J  ® O 0 
OP  P £^ 

A"*** 

« t3  . an 
£ 3 P rt~4  O 
G n O o VI 

2 £ £ 

CH  c -H  W ij 

2 "2  *g 

T|OpH«  S 
£ o « « n O. 


•O  0 i 


W ffl  z.  n 

0 ® ® 0 co 
vi  £ ft  £ w • 

® O O'  ® ® O >i 
.C  £ ffl  -H  £ ft,  ffl 

H ft*o flPssn 


£ 


00  O ^ OH  4)H<  O'M 

»o>i>coox:«c\^:  .a  4-»  o 

■H  fl  O (0  4J  0)  0>4->  OWC 

rHCQB  C C©B  -*H  4J 

O tTOp-P  P £ 

OCcC*Hj^<J'0^r>0‘r,<  O'tp'- 
0®H^«£30°  . C 

'OPjC'0«T5+j04JOP  ^ 

5 s * S iJ  o . -3  B 7 § 
£S2'3gMi5®S§p'OB 
“--S  Jgr 

30°  O^B  TJ  Q, 

B . U XU  VI  ■H  0 0 0,0  vi 
B *H  X O U £ £ 3 

P„HH  0 £ 'H  g P P n 
-°*«)£-aMQ,S  - ° 


£^^0^  5Pffl0P£ 


Vi  0 £ 
_ 0 P 
® gi  « 0 


B rH  -H  rH  ® 

\ O £ 
0 O'  O'  c P 
c 

0-H 

O 01 

|5 

|8 

© O 

w o 
c 

O m 

O o 


0 +j  o 


r0*l»9«|J  O 

0>rH  *H  3 IT)  ffl 

-H  0 0 ® 'OCO-H 

nS“'n£  -C5n3-^°P 

u „ „ 0 n , H C 
«H  g « 


■H  O Jj 

•O  £^ 


■So® 

ftp-H 


-1  tJ 


O -H  P 

**^5 


© 

M 

CP^  © 


© 1 


a 


© C B 


d w 

04  V O 

in  h 
B D'-h  © jc  tf> 

9 - 5 £ *0  > - 


O' 

c 

© M-H 
4:  O rH 


^ H 


_ Z _ £ 
p 5 o ? ® 


0 

f 82wr 

&M-Sg®-E«®-3®5p‘!'0-2® 

o.p  . -2  D ^"p^  c ?%4 

ro  CrH*0  ® M j)  i)  ^ 

£j.O©©  «© 

2*°I)  S i3  0 c C 

© *H_©TIm  *H  OO 


2°^ 


VI.C  #0  c® 
O'o  o P 


o o p 5 

O P -H  3 * 

c ft-°rH 


•-H-H  0 ® 10 

- S i)  -C  U H 

«C’^Bup®t3OOI0E-,Jh  0 o 

2®n-Sr-®'°®P°k  2 O Jh 

* V N 5 3 T3  p -H  £ Pi£  * £ 

ft  Em®  £G0<MC-  G'J0 
■O  ^ > 0-H  0 £ -H  O’O.H  0 Sc 

0 rH  O«0Cft  £OH  0B 
•H  3 0 £ C & 0 0 ffl  C O 0 £ ffl 
£O£C0-H03£3O-r->O»Hffl£ 
Eh  U£H-HH  B ffl  £ t-i  O £ £ ftm  £ 


I 


© «M  4->  © 

x:  o ^ o c 

p p -H 

© © © 

?£n  O JE  — 

5 0 E 

5 £ >1  3 C0 

„ O H O rH  CT. 

© © © 10  »H 

-H  © C 

© T3  -h  U o *■ 

p ^ *«H  <N 

C © 0)  P fN 

BSOH2>, 
•H  C M «H 

TJ  e © 2 

m P . — 


© 


© 


Vj  ■ ■ " w 

^ o p c c 
3 5 0 


zt 


£ ( 

£ 5 £ 0 

O 3 £ CO 

O’-  m 
— * © 


0 4J*4-h©BHu« 


® tr  © - vi 

!^0as 

^ 2 c p © 

Jo  © S 

* ? dip 

*n  *H  0 o 
v ■J  S ftO  o 

2 E -2 


u 3 u 
P r®.  P 


C 0 


“ s'  £S  7 
c x:  © ^ . r 

p ^0«w 

^ (£  rH  O £ ffl 

3 °-2.2o  ® 

2 0 "H  -H 

W 0 P Tl  £ 

. £ 0 0 B £ 

• £ C £ ffl 

• O -H  c 0 -H 
s £ 6-H  m b, 


CO 


B E *u  v«  © 

•h  c o x: 
o r.  « p 
co  p x: 

p p © 

n 5 0 m 3 
© E T3  aj 
£ ® £ 

P c o c 
a o o *o 
® N c o £ 

■O  -H  £ 10 


0 P 

H 

° 2 
*£ 


ffl  C g 

■H  -H  O 
£ 2 


-H  H ffl  I.  H 

si  2 £ 

£ 0 ^ £ -H 

7 » o-g  o 

£ ~ O 

0 5 c 0 0 

C o j;  £ 
C _ 1)  4J 

•H  « ft^ 

0 o m P ® 
S B ® o O' 

^ ® p o'! 

-rl  O rH 
rH  0 >i 

0 0 
£ £ P 
..  TJ  Eh  £ 
£ rH  0 

c 3 rH  O 
® O « . 

S S O D'rH 
® Sen 


w ^ c 

= aS 


•H  H 


«H 

<pSo> 
• p p ® 0 
ffl  ® 0 a 

0 <C  0 ffl 
£ CM  £ -H  O 
Eh  ' — £ E CO 


L 


• £ « 0 t CH  £ 0 X«  ffl  • ffl  C ffl  - 

£ ffl  £ *H  £ OH  0£rH£-H*O-H  0 -H  < 
£00£®O0£PH£  0 £ O £ ft 

0 ® 3 m £ 0 £ £ m £ w 

VI  rH  0 £ a£0£CC£0  ffl 

A P - ftj  4J  © O «H  |_j  C dM  04  O Q 

0 c M ® k-h*o.S*h  H tro  pS 

<=it°S-,l5S2 

i5-«S 


o p a4 


* a a a ® 
p ® 31 


p ®S'»  *°  o ® ® c * — S°2 

• S'Ss  «C®^^S-H«-ojSgg< 

22  2-C0®  £ -5£2h££££ 

• s£t)0B  £,H£«30  £ M 

•>Ha#^P  ® OOvc2- 

£ Q £ V 0 0 P •2’°5o®c 
„ -0t*  OP  >,00  X £ g 

•SS  . ££  0 li  5 £ S|§-°! 

£ ftO  m p & ft  0 J • a i S tj  p 

0 0 0 O co  -H  0 ffli  fi‘O'5  fto  ®t! 

*h  £-h  01  0 0 *o  * Sc  2 • p p .2 

-O-O. rHp  £ 5®£og^JdrH 

g|S><£-JoJ!‘‘.i.-SSK 
S a o>ft  £ p £ £ . 


2 ft 
gw 


eg*  o 

•H  £ c C 


*H  O 


0 rH 


O O 


B^.228 


*0-H  |£ 

£ 0 P o 

„pil0 
c © 

• OB 
> o o „ 

• m £ -h 
♦h  £ S-h  < a 


- n o o o 
££°OW 

®-5 


®!5s2'4°£0,5®^ 


a£^S5S®5.cg  .S& 

• »H£  ®-H<«  >03®®’° 

O0  I >0|  •>232®C£  • 

_*HP£fflg£W  s,£  _®„®00C~ 

0 O O £ 3 O 0 ?£  0 0 in 

P 0®§Ow  li^P  2 ffl’O  1 “> 


© 

a, 


H *’  0 U 

"s2i- 

iJrH  o 


ZJCB>^  rH  • ® ® -4 
0^?!  ^£  P 0 « C 

« 0H°  G J C S E > # 

2.  n tS  , O <D  "*"*  -H  ^ s w 

^ UrtH>BO0«U“^£0 

•H  £"  2 °‘££  ■ „«  O 
,0D'X0®O  CC 
rHOH3g£C00 
0’OrH£rH0-H0BB 

HOO00P>>13 

£ -H  -H  0 > X C 0 O O 

EhB£GW0WOOO 


£ 

_ - w — 0 

O'O  3 ~p  £ n 
pOcBWfflfflB 
5 rH  O ffl  H £ 0 
OOO0U0£> 
C-HCCQ£0O 
iCHHK «H2 


c 

o 

• 

T3 

0 

B 


£ 

0 

0 

£ 

C 

0 


•a 

•o 

0 

c 

c 

-H 

O 

rH 

Ss 

^ o 
a 

« © 

x:  © 

H U 


S r~ 

5 t 


O C £ 
£00 
£ £ 

•O  0 £ 

• e 
O B-O 

£ CO  ffl 
O £ 

JH  O 

*.r  C 

ids 

5-s 

2s!^ 

C-^  - c 

-H  P O 

rH  0 M £ 
-H  £ 0 

0 £ • 
P • B 
n%4*  W 

£ °d  O 

0 

£ £ 0 ^ 

• * S ft 

*H  C ft 

• O-H  0 
£ -H 

B c £ 

C C " C 

O'O  2 0 

a SI® 


® £. 


25 


0 2 
0 o 

£ °< 
0 H O 

O 

rHi-H  >t-H 

3 ft  0 £ 

ml  o to  £ 


c 0 o 

-H  0 CO 

0 £ <0 

0 0 rH 
£ 

G a 
o -H  3 

S ffl  £ 

3 O ffl 

•H  £ > 

B 2 
£ o 
® « 

StJ  £ . 
£ 0 >o 

«i£« 
Oh 
3 0 vi 

Ct  0 £ -h 
£ 

■O  - 0 


0 5 
O'” 


u 

s 


© 
& 
0 

0 £ 

£ * 

O P O 

« 5 iH 
© 3 
O O 


0'’°-r,  £ 

■H  0 

• S&p 

B C « ® 
O 0 5 

0 £ ® 

0 XP 

ffl  rH  0 

C 0 •p  P 
H w £ w 

1 0 c 
' p 


i 


. © 


rol  © • 

O'  B 

MU® 
P © © U 
© JZ  U © 
H U «P 
»H  © > U 

o 


© 


colu  o j: 


ccm^<p©com© 
ooo©®a©x:-Hp®x: 
© -h  © -h  w p x:p 


HHPH 
« *H  © O 
P ^ o 
P *H  »H 
H a H H 

fi  ij  a © 
p ^ a 


© 

p c 

© © O 


P 

O £ 


0 

oi< 

m 


c p4  o 


© p p 
. u -h  o 
v « B . 


® E £ >, 


P £ ® C 

« — ffl  ft<  >0 
ii-  , p >>  o * * 
-0POHH,,  JW  £ 

0 £,  00ftrH*i  W 0 
?£  r E ftj  cd  '"O 
c £ £ nli  £p  5 ft  ‘ 


•H  ft  0 O ! 


S g 0 £ 
0 ® £ 0 


CO 


P e ■•££  5 0 >£ 

°®722P®rH®^ 


ffl 

mZ§ 

© 


-H 

© © 


1 £ o-h 

P ffl  £ 


ffl  14  B L I]  ^ O Cm  F 

“S’S 

!,i:!0"£p5<« 


p gp 

'£  Ogi^g-^ffl^rH 

o 0 £ p 2 0 

2Si.§cg 

^•Oft3°2£3  g;g0O 

rt-°  « q«  3 « 

x O O . 


0 p c 

> O 0 
• cTi  P 


s ** 

£ 0 

2 3 

a^H 

© 

. a"'  *p  > 
H &®iW 
ft  £2  P 

0 ffl  0^  ol 

cog 


0^ «« 

Hp  O 
£0^0 
P O 7!  p 


£ O c ® 
04-H  o P O' 
0 ul  M ft 
0 


cm 


z • B 
B £ o -o 
C £ O £ c 

ffl  < VI  VI  IS 


£ 

m ® 

ffl  O' 
. -H  . C 

o'®*"! 


« a 
* « 


® 

.§s«d  gp 

"5pd«Io 

^ o O V a 

p c 

© O'  © © o 
B C © O'  O'-h 
© *H  © M M P 
© C C © © © 

c o x:  x:  o 
-h  a u o r-* 

© O'  © © © © 
© x:  © © -h  -h  > 
q-H  4J  ia  m u u © 


Q-202 


N 


(OQIHQ)CQMO^O)E 
•H£(OHOPfl)OflO 
4J3J3  0 *H  4- 1^ 

Q)  ^ flW  U O 44 

6 O S ■H  Q)  d) 

© © 0 0 u 73  aj  ^ tj 

*H  0 Xa  C ffl  01 
C (K®^  ^.C-H 

? .^x,,  « c+J^ 

o « 

4j  73  g a^ 


P'ffl  H ffl 

£ e ® 

O (0 


© *-  w 


3 

1 m 
O « ® 
P X _ 

aP  ® 


p e • 2,t)3  ' 

® ® 5 “op 

O SZ  **  .2  TJ 

B o C 01  TJ  ■9 

g)  fll  *H  ^ w **  5 

Vi  E B P B . o5  B 

° tj  p -h  3 . 

• « n C 
_ _ a p a>  b p 
3 S <d  p o>p  i 

b O B B TJ  P > -I 
O 3 O X- 
P P 


4->  P 
(0 
, u 

•H 

B 


B«S 


O ffl  »H 


r; 

0 JZ 

- «p  £ 

© 0 
^•Ov. 
o 
a 


o « B c 
o .*  q p 


C <P  X c 

S^o^o 


X TJ  ^ P M C „ ^ 4J 

Cr  3j  *0  m © © m T, 

P®5^®£^§2« 

21®  3 ^ • 2 O 3 

x us  s _ c :*  .£>B3 

- .85 -55  S § 

©©•fir  ® 


© U 

x:  © 


H-c4-1  a®pp  B*H  o 


O' 


« P “X  ZJ  Q.  C .- 
P ^ +J  ^ o ^ <0^1 

® 0-5  g p . zl 

B >1  g,  ® O c 4J  ^ 

^•oc  bp£  0 5 * 
O Zx!h«cUo^ 

c-SIS^S^s  S 

o T n»iv  « « 

p 7?  p « a£ 
qP'HV'Jh  o. 

P n ■o  O £ ® « 

O P 3 B **  3 TJ 
ffl  C p H p >,  B 
fl  o OVp  o C 0 


3 P P 

S 5,® 

3 o> 

O P N 

s"u 

O 10 
0 3 


OfflVOOB3XCO< 


p ® c p x m a> 

3SH  #H  tPO 
O P p o 

O B P ea  <w 
O ® ® „ X p 
£ P P C ° 3 
•S.  • A o n 0)  0 

5*  >1  p 0 ° p 

CO  a g 0 o 
^ 5 U 0 C 

go  “htj  o >» 
X 4J  © 0 0 

£ «•“  ® go® 

« 0 o£x 


£-»  <— 1 


6 5 Op  x j*.  P o 

g W 4_1  -P  4J  _®  0 O 


[■O  o 

* C 


, P *0  • 


B P 
B 


> -p  C o 

®P  o-p  o 
O'  ffl  ffl 


B 
x 05 
p \ 

°2 


£ 

■SF 


p b o>  „ x . . 

n £ p C ® < 

! ® ai  ffp-^  o 

g^BOB-P  o 
" 73  p X 3 O P 

- BO  Cp 

pEo-oapOs 
• ?“  P B ■? 
P^jjWTJ^PO 
«Z^P  O P «P 
& O m y 

«>,«ATjgO 

b >1  p rf^p'O 
P p « >|P  O T3  rH 
3 P o B P B P 3 
B B Bmpp  3 5 

3 P B C © O 3 

0 3 C « » 

O OP  O P.TJ  P 
B P O P Ud  B P 
O P C B 3 p O 
PpCBTJOBC  ~ 
«BBBC5!£?  h 
E Q|  o 05  B B P p Q 
2 
W 

a, 
(5. 
< 


O H TJ  c (0  ja  H jQ  © • 

® -H  ® X3  73  > 

•H  X © ^.p  w 0 © Ll  © 


u 

0 N 

ap 
B ^ 
o 0 
3 


d'-H 
c P 

•H  0 

o 3 ® 2 *3  ^ 

"SaSn ® p 
®°,a«^p'Z 
£CR.«  p 

H *H  ° J2  © fM 


o o 

© -4 
U P 
V4  C 

o © 

O B 


^ © 

® p T3 

a?3 
® s o to 
^ 2 u ” o 

S-  * 

_v 

® C o ID 
«O0^H 


m 


sz  P 


- ^ 

73  4->  © 

..iS5ii'S<oi<5>B 


© g 2 ^ 


^ O' 


S&B  ^pP« 


P B ® ? P 
« P?!C 
B W © 


© ® 

■ ® a 


b“° 


o 

•H  > 

a 

o © 

® >1 

***{5  S5  O ^"Sp  S'. 

2 2B,2i-&®2cBi!! 

PP©®_  a-Qm  ®p  « 
O # 8 UP 
• •BBT] 
P P P ® 

frcJjS^iiSpo  «c| 
« Oh  O P P © B P e 
PU^O,  p o _ B BP 
m s O > OO  A 
° ■ ‘ a B'HP  BP  ® 
S B ^ ® P . A , c 


0,Ch  j w 

b ® n T5  -p  p a a c 
POffl'ZlfiEBPio 
0'C^3hB3po 


B 

04  © 


m t*  B . a>  Si  *- 

p«<>;Op  >IE  «PHPP 


■a  5 p c 
© © 


**"’  C 


p p a,  o Tj 

2 H W c5  §0  « B^cn”OP 

2P'r'®0M  O'-.,  - 

« 2 ^ hie ®—p  ®pp 
BO  © n D*rJ|PP  BP  P BTJ 
•c p x:  s ®ZTbx:  ox:  o 
p ■o  o o o ^ 3 oip  o>  0 >ip 

BPX5  BPTJP  P© 
CPPBSPBBCOBCx: 
POTJBBPB53P3XJOP 


x:  p 
p 3 


>l(P  (P  >I«H 

ppox:cpx:>, 

PPBPBCPp 

© 0 44  t-H  O © 

> h „ a p 

OP  p 3 f 1 

TJBOBuPZrg 
B 3 ® © ® vP 

0 -H  © -|J  > 

0 0 4->  0 . tj 

XI  > -H  4-»  ^ n c 

© x>  © 7I  0 

“"  © ^ © t,  ^ -v. 

S © b ^ 
tH 

P -P  B 


® C p > . 

P X P 7]  ■ 

P O'  ” 


“ m 

S’®  "ip  *i  C p 3 
ffl  X 7i  C rj  _Tj 

3 O Eh  0 B 0 - 

a A B <1,  ® 

OP  r>  O I, 

B • I p n 0 
A >iTJ  n tt  c " 

-•  “ ffl 


O O' 


ffl  ffl  - < y 
O'  C P p 04  3 
COB®  ffl  W O 

5 2p®5  o 

BBC^g  £ p *; 

pco  Ec>©zr 

55°^b°|5^ 

B P ffl  0 p _ ® C 

a p b cp 

B E B ~ ® O 01 

P 3 0>  *1  O ffl  p n 


C ffl  . 

o © 


p ffl 
® > 


O B 

^ l 


3 E 
O'0  Sh  V 

0,  e 


° aZJ 
p t! 


, c c 
1 o ffl 


C ” P « P A 

’ifflo  pb3pp 
o p o p o p 
BCi'IBpbP'O'O 
XOIXPQifflTJC 
EhOinpOiOEB© 


3 


_J 


■vS 


N 5 
® oc 

S tL' 
C!  u 


UNS 


1 ci  r 


© 

•H  • 
© © 

rH  0 

C O 
* p 

A « 
C C 

P o 

«3 

d p 
a 

3 c 

*H 

x: 

-p  © 
Q|*H 
© 

73  C 

■H 
© © 
c « 

H »Q 

»H 

o ® 
gp 

a® 

« ^ 

H * 

M rH 

c 

o 

« © 

C rH 
■H  XI 
rH  0 
O O 
0*H 
C rH 

u a 
>*  a 
a 0 


B O 

A o 


P ® 
P A 

3 H 
P 

JSp 

S®' 

52; 


o ■ 


p c 5 
ffl  p -c 

® ffl^ 

3 ® p 
^ a 
© 

a o Tj 

® p 1 
ffl  A TJ 
« Hp 
B 
B 

A . B 
P P _ 

B B 
ffl  P -H 

53? 

"•=71 


u ^ © 

g®u 

o . a 

b >i  © 
p TJ 

p . 
b 


•O  B 


ffl 

~ o o 

ffl  o 

P IN 

o a 

X ffl  o 
H P P 


P • C P ffl  >1  • 

B © ffl  c x b 

O P A ffl  P P 
P TJ  3 P ffl 
O'  B P„C 

O 3 ffl  3 O ® 

p a o'  o *: 

O C 5 X 
tJ  ffl  ffl  ^ O' 

A TJ  A N p 
O P 3 A 
H B P 0 
O OPTJp_ 
o pp  P * 

a a p a 
x.  » Pp  ® 
ffl  Vi  3 7 J5 
P O ffl  P 3 
P C ^ P 

ffl  P •»  ® 

• CP®  O' 
XP  O -c  ffl  c • 
p ffl  0 P O'  O -B 

0 C M rH  C 
B X O B g 

S^lfs 

a-o  o p o 

B TJ  X _ TJ  *2  V. 
OPP-O  ^ 
o o © *h  -P 

U B - rH  © 

P ■9  ®p  c p 
C C Zl  s p ^ 
ffl  B ffl^^d  P 
0 O p-"1  H 

isi"*;: 

4J  p ® © 

® *H  © #•  © H 5 

5sa-fl  " 

^ f 0 « o 
£ lx*  fre* 

p - •“■^p 

, • c p 2 a 
H A B ffl  TJ  5 ffl 
2 c ffl  •“  o 
o o c a x 

A TJ  P o ffl  ffl 
O »H  rH 

© © © 73  0 

44  -H  © > 73  © 


44X2X:©* 
© E-*  5 73  B 


"73  © C 
COO 
0 C -P 
© ® 

, U © 

i*  ® b 

2 H 05 

0 p \ 

C p E 
P TJ  P 
< 

© ^ 

2 ffl  c 
£ p o 

V B ffl 


• ffl 


• 2 


■ >•  ffl  B P ffl  ffl 
p C p B X A 
ffl  P A P 
* P E P p TJ 
P B 3 X 2 P 
P 3 P B d 3 
C P O X S 0 

3 ffl  O So 

ffl  ® * 

i*  A c TJ  TJ 

p m ffl  p O C P 
ffl  2 ■*"*  p p ® o 
> £ p © o t-i 
^ *H  2 0 p 44 

© u xj  a c 

M ® 0 E 0 C 

0 m *H  u £ 

* •*  -H  O 

© 2 m r;  P TJ 

■as 

1 p 
0>,  P 
P C ffl  3 
ffl  oC  BP 

> jj  B 

3 o OP 

O „ ffl  P 

P O g,  .X  B 

B ffl  £ E P rTl 

3 O'®  P B >tP 

p p > ffl  2 2 

ffl  ® •>.  0 -0  O 

fflX'f aP  _ 
[I  P r ffl  ® 
C g ffl  «^(  ffl  X 
o p 7!  TJ  P P 
p 0 TJ  O 

_ v M ffl  P O' 

2 O O ffl  0 

n ffl  P c bx  P 

g X P ffl  C > 

5 p ffl  p p o'  o 

6 a Vi  P 0 b 

£ . ,3  ffl  p o 
M ^ « P,  B P N 
O $<P  X 


B fflP 
ffl  O P P 
_ © P ffl  P 
ml  3 X X p TJ  B 


5^ 

% 


© 4J  >1  >» 

C »HH 
H 0 © rH 

© © -P  0 

0 f-4  0 *4 

XI  C © 

wv-H  C 

% 5 o O' 

TJ  • 
© _ © 
2 g 0 
a;p 
© ® a 

CP  © 0 

>4  n © X3 
0 © 
x:  . © a 
o"jx  © 

ffl  2 4J  © 
-H  T TJ 
73  3 

c c 

PC  c «5 

® pp  p 
g.  o to  a 

XX  5 0 ffl 

£ -0 xp  > 

« OP 

2 ffl  P B P 
p P ffl  x o 
■a  x 3 

ffl  TJ  P - TJ 
O -0  O 
V4 

a 


$ 

n 


p ffl 

•0  A 


A 

v e „ a 

B q) 
' ffl  X TJ 

© 4J 


O' 

0 


© 

Vt 

© o 

1.  *H  B 

*4  rr-l 


: tj  © 

< xa 


Q- 203 


> 

3 8 

o £ 

ffl  X TJ  v 

O'  C — | 

C B g 

® • P 
£ TJ  3 ffl 

O ffl  O TJ 

^4  rH  *H 

rH  © rH  © 

HI)  0 C X 

*h  h x:  o . 

> 0 © 0 o 

as 
w 
a 
a 
3 


w 


P 0 

© J4 
C 0 
«h  a 

© - 


• 1 

c ^ 

o 

-H  ffl 

x»  D> 
0 0 

c 

o c 

44  O 

c 

-H  ffl 

TJ 

9 0 

*H  B 

xa 

0 4J 

rH  C 
~H  © 

0 g 

< o 

r U 


USBORAX 


tr 


e 

o 

•H  © 

> O'* 
U E ID 
® — i id 
C (0  V r-l 

« r-l  < 

ffl  P -H 

p n 3 * 
p ffl  CD  C 
p ffl 

COHX 

■h  b a -h 
£ P £ 
• ffl  o 
• WOP 
p • ffl  ffl 
SDfuK 


>1 

o 

c 

« 

O' 

< 

c 

o 

-H 

p 

o 

a 

p 

o 

p 

o< 


c 

o 

C P 

3 O' 

c c 

• -H 
> £ 
< a 
« 

£ £ 


ffl 

P 

c 

ffl 

I 

o 
p 

-HOP 

>rlX  - 

C -H  ffl 
W C W r-l 

O P 

• •HOP 
m o'  o i) 

• a cm  o 
p a h co 


p 

s 

.§ 
(0  -H 

a 

«»: 
• -H 

£ a 
o 

05  P 
ffl 
. p 
p ffl 
X £ 


c 

o 

•H 

P 

c 

© 

P 

< 


u 

O 

P 

o 

© 

u 

•H 

Q 


T3 
P U 
© o 
O'  o 
•o  u 
p 

03  rH 
© 

Uf  p 

c 

p © 

« I 

S SI 
0'> 
ffl  o 
c o 

X p 

p°  S c 

°g§  ; 5 

ffl  -H  3 P 
O ffl  £ ffl  C 
-H-H  O ffl  ffl 

> 3 C P 
P -H  0 3 P 
OOMl  < 


O' 


ffl 

£ 

O 

05 


T 

<1> 


i 

! 

I 


£ 

U 

c 

ffl 

p 

m 

« 

S }& 

• o 

C P 
•H  0 
0>*H 

& 
ffl 

a 


w 


0 

* 

a 

ffl 


• P 

a o 


o p a>  < 
u p o 

BO  • 
>1-H  ffl 

B Q X O' 
P O ffl 
< an  p 
* o 
• m • £ 
to  ffl  O u 


D < 


< d.  5 


IMP 


0 

se  p a 


• v £ ffl- 


£ 


asl 


a 

-n 

CO 


Q-204 


<o 

•y 

<S 


V 

■ * 
J 


!? 


Q-205 


s* 

' V 

N 

<So 


$ 


£ 


* 

5 

■* 


O'! 


O; 

^0 

W 


O ■£ 


*$  ~£ 


Q-206 


<X) 


p 

CD 

> WO 
OH-H-P 


W 
<D 
<D  -H 
> P 
0 CD 
W X 


T3 

CD 

>> 


CD  d 

5 w 


w n 


4-> 

>>"0  0 

ft  W 0 -H  • CO 

0 x 

• O 

0 

bo 

•H  T3 

0 

C 0 

CO 

p 

0 

0 * w • c 

33Pr-JT3CO-H 

X 

0 rH  ft 

bO 

0 

rH 

® 

r\J 

K 

® CQ 

P 'O  O CQ  ® 

X "~3  0 o ft  ft 

W 

3 

C W 

bOX  >;ft 

0 

X 

X 

9 

3 

® ® P • rH 

rH  ft  P -H  T3 

ft  'O 

-H  W 

c 

0 

•H 

e 

o 

0 CJ 

0 

CTN 

ill 

c?* 

C T3  5 W H P 

• ft  rH  0 0 ft  ft  T3  r— 1 

rH 

0 

ft  0 

U 0 

•H 

P C 

o 

3 

W 3 

*H 

CT' 

tu 

u. 

3 

\ 

O 

•H  O -H  • 

0O-HXXCJWC3 

X 

X 

CJ  P 

3 C 

ft 

0 O 

• 

-H 

W 

O W 

C 

o 

CC 

m 

z 

X ft 

W X 'O  CQ  rH 

rHC55E330O 

•H 

ft 

3 -H 

T3  0 

w 

> E 

>> 

ft 

P 

T? 

tu 

> 

< 

Q) 

to 

X 

0 

0 

C W 0 

X © P -r-5  X 

W 

P 3 

O bO  0 

0 

0 

0 

w 

P T3 

>> 

< 

p 

® 

O CO  rH  C 

0 * C P E ft  WCO 

W 

p 

ft  cr 

P C 

c 

0 

T3 

z 

w 

3 C 

P 

0 

< 

5? 

s 

E 

O CJ  bO  0 -H 

C0©O®W>5W 

O 

O 

w 0 

P 3 

>iX 

O 

0 

P-H 

X 

X 

LU 

< 

Z 

c~ 

•H  C C bO 

O W P ft  p © 0 0 0 

P 

ft 

0 P 

T3 

® ft 

ft 

w 

c 

ft 

o 

w 

o 

\ 

bO  ft  *H  *H  *H 

CO  3 T?  T3  CQ  C P 

T5 

C 

C 

c 

-C 

ft 

W 

a 

0 

x 

z 

* 

• 

E 

C X rH  ft  P 

0 rH  ft  0 P "O 

rH 

ft 

o * 

0 

O rH 

W 

p 

•rH 

- o 

r-H 

1U 

o 

3 

g 

CQ 

P 

•H  3 -H  O 

0CO-HCDXWC0® 

• 

rH 

•**H 

E ft 

E rH 

•H 

o 

5 

0 ft 

rH 

< 

cc 

5 

0 P 0 0 

PCX3  ft  O X 3 

w 

0 

CO 

rH  3 

• 

< 

-rH 

ft  . 

rH 

fc 

r- 

P 

• 

X ft  X p 

O O *T—3  r- ( -H  ft  rH  3* 

ft 

•H  0 

0 O 

P X5 

ft 

CXi 

O 

•H  0 

•H 

LU 

In 

e> 

c 

0 ft  -H 

© -H  T3  rH  0 -rH 

•H 

>> 

C 

CO  P 

0 rH 

•H 

tH  rH  • rH 

0 

8 

o 

C X 0 ® 

XftCft0P®5® 

ft 

0 

>>  -H 

ft 

® 

3 

0 X 

> 

s 

o 

w 

0ft  ft  X 

0 0 O O E T3 

O CQ  rH  E 

P 

X 

O W 

>5 

ft 

© ft  -H 

O 

-p> 

rH 

> W 0 x 

T3  P P CTJftCQ  P 

P 

rH 

o ft 

CJ  ® 

0 

w 

• 

ft  -h  c: 

c * 

0 o 
05  CQ  : 


CL. 

3 

CO 


Cl 

bO 

< 


o 

o 

o 

O' 


CO 


c o 

0 *H 
0 > 
P P 
ZD  CD 
'-Q 
c 

•H  ft 
^ W 
CD 

• P 

p o 
z:  p 


fcDJ^ 

c m 
ft  -h  ® 

OTIH 
rH  C 

• -H 

-*->  3 • 
pcq  c 

CD  CO 
•"0  *H 

• p x 

CQ  0 CJ 
X ft 

• 0 (D 

=>  p 


•ho  - 0 x 

c =£  • ft  c 

O W CO  CO  -H 
*H  O *H  • P 5 

ft  4-)  HO  O ft 
U C H • CO  2 -H 
1)  rl  C W 3 rH 
■|— 3 W 3s  CD 

X CO  O -*->  • 

O b£)  Pft  Q)  O O 

C O CO  O 0)  -p 
P *H  ft.  P CD 
33  . — I PX  0 P bO 

O *H  u y C 

CO  W CD  O CO  -H 

(D-P-HXtD  >* 

CJ  -C  ft  0 ft, 

-H  ftD  O O-tJ 

O E ft  0 -H 
> 3 -•->  O P > W 
03  CO  ft  -ft  -H 
O X C 0 0 

D O-P  O'hCO  X 
ft  -H  0 CO 
bO  T3  JP  ft  -p  ft 
C H 0)  (0  ft  (0  O 
•H  CO  CQ  ft  0CQ 
ft  W 0 0 >5  P • 

•H  O E P 0 O * >> 
ft  Q«  CO  ® X Cx,  T3  CO 
5 0 Pft  0 CQ 
ft  © CD  0 ft 

0 Pft  *X  ® C 

ft  T-i  © >>ft  ft  O 

(C  <D  3 X H 0 ft 

C CTft  bOT3  ft  0 

© H C C P © 

S s:  0 bO*H  ® E 

ft  C E boco 

r-C  0 «H  r— < 0 C 

rH  ft  0Dd  0 

-H  0 33  JO  rH  0 CO 
30  ^ Q 5 W X 3 


. . 0 bo  rH  3 _ _ „ 

3 C X 3 C C O O O 
00'OCOCO-H  O 0 ft 
X bOC  (0  OX  ftp  H CO 
CO  ® p CO  O Pi  © 

0 CO  0 bo  CEE 

W ft  C -H  =5  P C ft  -H  0 CO 
rH  3 0 0 -H  3 

O -ft  ft  -ft  -X  rH  O 
ft  3 T>  H © -ft  -r)  H 
-ft  ft  rH  W 0 0 rH 

C -H  -ft  0 ft  -ft  0 
O P X 0 O CO 

O 3 CJ  X >>  5 

o 9 x 0 o 0 

ft  o CQ  rH 

3 ft  -H 


0 ft 
-ft  O 
C ft 


CO  0 CO 
b0J£f  0 
C 0 


0 rH  C 
-ft  -H  -H 


O O X 

5 

0 CO 
ECfttOC 
C O 0 COH 
O -H  X 0 

ft  -ft  ft  c 

•H  O 0 ft  • 
> 00.00 
C ft  T3  C 
0 O • fH  3 
ft  0 -H  O 
0 P<  bO  5 ft 
> 0 bO 

0 JX  ©ft-* 

•H  O 3 O 0 

rH  O X. 

0 rH  0 0 -ft 

X ft  -ft  3 
0 0 rH  X 
0 > *H  0 -ft 
^ O "O  > 0 
0 © 

-ft  E 0 c 
O EX  0 
C -H-ft  X 


C 0 W 
O 3 
-ft  O *0 
0 -ft 
0 CD 
E W -H 
CO  rH 
O CD 
ft  P P 
O -ft  0 
C rH 
C O rH 
O O O 
•H  T3 
ft  0 


© ft 
CO  bO 
0 C 0 
ft  *H 
P ft  X 
0 0 
® 9 ft 
X o o 
ft  X OQ 


X X C 
0 3 
© ft  O 
ft  O X 
O CQ 
E 

5 ® 
ft  O C 
-H  rH  -H 
X rH  ft 
0 W 

0 tH 

>>  ft 
bOrH  P 
C C 
iH  *H  0 
X 0 
C ft  X 
0 ft  O 
P 0 3 
CQ  CJ  W 


0 0 
0 X 
ft  ft 

ft  to 
•H  C 
■H  ° 
ft  C rH 
0 0® 
X P W 
5 0 0 
P 

ft  o w 
O bO-H 
ft  03 
ft 

O O 10 
0 h bO 
0 c 

ft  rH  -H 
bO  rH  rH 
•H  *H 

W 9 0 

- ft 

c X 
0 0ft 
E ft  O 
O ft 
CO  CQ 
>>  0 
0 © ft 

r-H  > T3 

P 0 0 
W -H  3 
HH3> 
~ 0 
X 0 
• T3 
>>X 
CD  - 0 

c c o 
o o o 
E T3  CQ 


C X 5 

0 5 5 

E W O O -H  0 

0 ft  X ft  X 

0 ft  X ft 

X CJ  x 

ft  0 T3  • (J  O 

P C ft  3 ft 

ft  0 CO  5 W 

O O >> 

>>  ft  ft  0 

0 C CJ  ft  O CQ 

C 0 0 0 ft 

o E ft  ft  a 

X 0 ft  o 

>>  O 5 C ft 

ft  W - 0 0 

C ft  W ft  E 0 

O 0 ft  O 0 E 

0 CJ  '-0 

ft  ft  0 W 0 

O 3 W 0 ft  C 

CX  ft  P ft 

-003 
CD  r P 0 ft  ft 
ft  ft  E P 0 

CD  ft  W ft  ft 

>5  0 ft  ft 

0 0X  0 0ft 

CQ  X W ft  ft  o 

ft  X c 

C 3 *00 

O O X ft  T3 

ft  CO  0 0 03  rH 

0 ft  E 0 3 

© C O 3 ft  O 

Eft  C 0 O 

CO  ft  C T3 

CO  0 ft  ft  X 

0 C W ft 

0 C ft  C ft 

ft  0 O O O 

0 ft  ft  cj  5 


ft  ft  0 

w © c 

>~>ft  o 

0 ft  O 
X 3 
cr  o 

0 ft 

X w 

ft  0 0 

> p 
ft  ft  o 

O 0 

w w 
ft  ft  5 
W 3 O 
O O ft 
E ft 
ft  0 
T3  0 
© T3  C 


0 

ft  CD  E 
W C 
ft  O >s 

> O X . 

© T3  T3 

> C © ‘ 
0 0 X 
X o 

ft  3 - 
0 C O 
^ 0 ft 
E C 
3 3 . 


ft  W 
O 

W P 
- E 
^ ft 
0 

T3  ft 
O W 
ft  O 
E 

ft  ft 

O 0 

0 W 
CJ  ft 
0 

P w 
w 
to  0 
c c 

•H  ft 
C 0 
© T3 
T3  rH 
X ft 
0 5 
E 


I 


r- 

:r 


CO 

O' 


O 

ft 


0) 

c 

3 


> OC 
ft  c 

C 41  *H  • 
O W *0  Ji 
03  ft  < 
e ^ ft 
£ B 3 * 

o v cq  e 

ft  ft  « 
o ft 

•o  U-  CO  ft 

CzJ  ft  X 

• 0)  u 
• C/3  *3  ft 
ft  • 0)  0) 

3E  O U-  x 


4I3  41  E 


O > 

a »- 
a a* 

O C/3 


« ft  « 

ft  o u oo  ft 

ft  H ft  C ft 

«ft  3ft 

a o ft  c 

4)  ft  ID  C « 

X C 0 0 x 

ft  0 ft  P-  ft 


•H  U O 0 0 


0 fO  0 ft 
> 3 0 ft 

o a ft  3 


oc 


ft  rH  a.  0 
0 ft  O ft 
ft  O X 
0 5 -r 

§ft  C 
ft  ft  O 
ft  ft  3 ft 
OC  ft  O 

C X 5 0 


0 C 

OC  O 0 

c ft  ft 

ft  O ft  o 
C 3 OC 
ft  ft  X ft 
£0  ft 

X - ® 

0 ft  0 0 
ft  0 > 

ft  O ft  c 

Q.  4J  0 ft 

B *-> 

W 0 c/3  O 


•o  c 

0 0ft 
O £ ft 


ft  O ft 

a 

0 0 
.O  CO  ft 
3 0 
ft  0 ft 
0 0 0 
C 0 0 
X C 
•o  ft 
C ft  ft 
0 0 

3 6 
0 f->  3 


■se 


ft  00 

0 c 

3 ft  ft 
■n  ^ 3 
ft  O 
C ft  X 
.03® 
ft  X 

0 o 

ft  0 0 
0 - 

0 X *3 
.*3  0 C 
ft  0 
0 O 
CQ  E 
00  ft 

c o < 


ft  c o 


X ft  OC 

c o c 

X c P- 

ft  0 E 
0 3 
C X *3 
0 

> < OC 

0 o-  c 

U ft 


0 b £ 

ft  0 0 
0 0 > 


OC  *3  0 3 

c 0 C 0 c 

0 C 0 ft  O 

ft  ® r»  E 

ft  £ 0 ft 

O ft  0 ft 

00  0 ft  C/3  0 

X ft  c 

0 T3  ft  O 

> O ft  ® ft 

0 ft  ft  0 ft 

X 3 ft  ® 

0 O Z 

ft  CD  - tU 

0 O X 0 

> a.  0 0 x 

0 Ou  ft  X ft 


ft  © o 


3 ft 


ft 


C ft  0 
O ft  « 
ft  ft  D- 
ft  ft  £ 
U X ft 
0 


0 

0 • 


U ft  0 

0 ft  ft  E 
ft  3 O ft 
P.  B ft  ft 


C 0 O 
ft  0 O 
H ft  X 


a*  0 ft  ft 
> ft  £ 
•O  « « O 

0 X 0 ft 

ft  ftP- 

0 0 0 
OC  0 ft  P' 
ft  ft  P ft 
ft  ft  ft  P- 
© 0 E 
0 >■  0 

> CH  ft 


3 fc  . . 

0 0 ft  C 0 © 

•n  V3  D ft  0 O 

O ft  « 3 0 

ft  ft  P-  ft  *3 

a © © 0 © 

0 -o  3 P - 
0 ft  C ® X 


0 OC  u 
ft  C p 3 
P.  0 ft  *3 


C 0 © 
ft  > ft 


0 E « 

ft  0 X 
> ft  X ® 
U 0 E 
0 X *3 
C/3  ft  rH  X 

0 3 0 


0 0 CQ 
ft  = 

o © © o 
0-  C ft  ft 
o 0 

0 ft  0 OC 

X ft  H C 
ft  0 ft 
ft  ft  C 
B 0 O 0 
0 Q-  *-* 
XOft© 


ft  OC  ft  3 
ft  C C O 

ft  ft  CJ  c 

CO  C 0 


0 ft 
X P E 0 

O O o • 

ft  ft  ft  a 

0 ft  ft  ft  ft 

0 o © x 

u-i  >>,  ft  © 

ft  ® x c 

ft  0 3 a o 

3 0 o -p 

o 0 OC  © ft 

C 0 

ft  0 o 0 rH 

ft  X fH  ft  0 

Oft  0 ft 

0 5 

ft  0 oc 

0-0  0 0 3 

0 3 X p -H 

5-3  41  T) 

© 0 >n  X -3 

ft  0 3 

0 £ B X 

X O *-H 

ft  0 © © 

ft  -X  ft  -rj 

o 0 © 0 X 

c ^ 0 ft  •*-» 

© ft  < ft  ft 


ft  0 © 
3 ft  ft 
O 0 ft 
X rH 


St 

ft  O 
C 0 


X P p 


0 S 


ft  X 

5 £ 


u i ■ 


a 

O' 

O' 

O' 


~h3 

00 

p — « * 

0 X c 

ft  0 
C X X 
•H  O H 
0 CQ  X 
Pi  • 0 

O ft 
JH  • 0 
w P X 


Q-207 


ernor  Steve  Cowper 

ert.Burd,  Director  Water  Division,  ReRlon  X 
. Wilbur  Gregory,  District  Engineer  Corps  of  Engineers 


'tN 


N 0 

0 

© 0 O' 

O x X X £L  X 0 1 

IS 

s 

X X 

X 

© 

0 0 x c x 

x xx  ox  c c 

U-  9 

P 0 0 * 

X 

-H 

p p x © 0 w 

X >,  * 0 x 0 

S<  s 

Z v 

0 > p 

X 

X TJ  x X p 0 

XX  0 X 0 x 3 X p 

CO  < 

<n  - 

3 *H  P 0 

c 

X *3 

3 0 TJ  X X X 

sexxx*0ooxx 

0 x 0 X 

X 

© 

c 

cr  3 TJ  x © 0 

C 0 x p x X > 

2 5 H 

O O'  0 

O' 

- 0 

000  0 

N3XXXIOW0JC 

O x -1 

5 5 

0 0 0 0 

0 

c 

0 

P P 0 P 

X E X 0 0 0 0 

0 5 

x a c x 

> 

X X T3 

0X0  O' 

PE  C 0 3 *3  0 

z ± 

X ft)  0 

X 

rH 

0 0 

X TJ  C <p  0 

0OX00XX0CX 

jy  0 = 

0 z 

p E rH 

X 

X TJ  U 

0 0 >0 

3O3X©O00XC 

H O 

X 0 10 

0 

CO 

c 

X 0 U 0 0 X 

O 0 0 E > P E 0 

bf 

0 a - c 

c 

X X 0 

X OX  > X X 

P O X 0 0 

ui 

C 

0 0 

p 

0 X 

* 0 X X 

0 3 X x x P 0 >!«x 

X 0 4C  -H 

0 

0 

0 

CO  X X 0 0 

XOCE  x x x X 

X 

c x m x 

X 

XXX 

0 C 0 X TJ 

X x 0 *3  -XGXX 

0x00 

X 

X 

c 

> »P  O'  P X 

>1  0 C 0 x 0 X C 

a rH  0 

< 

3 3h 

X 0 x 0 © > 

xx  a 0 0 x uh  cr» 

a a < p 

T3 

0 x 

x ® a 0 0 

0C  OTJ0OO0X 

00  0 

•o 

c 

E x 

0 C E p 

O00CE  X>© 

rH  P X 0 

0 

0 

0 0 

c x 0 x 0 a 

X E W 0 C * x 

0 X ® P 

P 

X 

P 0 x © 

c x 0 0x0 

X 

> 0 

P 

0 

0 C 

0 0 X © TJ 

0 0 X X © x 0 x TJ 

c 

0 3 0 T3 

0 

X 

> 0 

XX  X 0 rH 

EC0X  • x X © © x 

0 

0 

'O  0 X X 

4H 

X 

x E 

x >,  x 3 

a j x x 0 0 0 > 

p 

E 

>»  x > 

0 

© 

© c 

< 0 x X X 0 • 

00  pcxxxao 

3 

0 

0 30 

P 

© 0 

X X HH  X £ >1 

XX  00  OX  P 

X 

X 

X 0 0 

a 

X 

0 P 

*3  *0  X © X 

0 • x E c 0 e a 

r-« 

X 0 

X X CO  C 

X 

E x 

0 TJ  © © © X 

> x x cxpc0 

P 

U X 

0 

0 

X 

> 

P X 3 • O X c 

0 x x x 0 a 0 p 

O 

0 CO 

X x X 

0 

E 

0 C 

P E *nX  ax  3 

tj  x 0 c p © ax  w 0 

P -H 

-r^ 

0 0 0 *3 

X 

X 0 

0 0 HE 

0 * 0 x 0 0 X C 

0 P 

O x 

0 C 

> 

M 

X 

<p  0 0 0 0 E 

0 C E > X 

0 O' 

P u 

x ax  0 

p 

0 

X 

0 X X 0 0 0 

x0©acxpx  • x 

*H  < 

a 0 

p m c 

0 

0 

E m 

P X • O 

XX0O0X0CXG 

> 

a 

0 0 - 

CO 

P 

0 0 

a 0 o'  0 x 

X x | £ x 0 X 0 

P X 

a a 

aw  tj  c 

U 

P E 

C X C > 0 P 

0X00X00£©E 

0 0 

3 M 

a x tr 

X 

b 

< X 0 X X M 3 

CCX>XX03X3 

a 

c 

3 ® X 

0 

X 

0 • 

a tj  x x p 0 

0000c  PC>C 

P X rH 

0 rH 

m • 0 © 

0 

0 

X c 

w © 000 

aoxTJ0P3'O  0 

CO  c 0 

•O  0 

X P 0 

p 

c 

• X 0 

0'X  P 0 E 0 

0 X co  3 £ X £ 

0 ON 

ia 

CO  0 

0 

c 

E x 

0 C 0 0 x X 

0 x 0X00  P 

x E on 

>.  c 

x 0 P 

a 

3 

p 0 a 

xxx  ax  tj 

PXPX0  x 0 0 

0 X ON 

rH  0 

f-»  C T3 

t*  <Xi 

X x C 0 0 X >, 

C3XC000XX 

0 p 

0 a 

3 0 0 0 

0 

0 

X 0 p X 

X O'  0 ©>c©x 

P 0 

£ C 

O P >1  0 

X 

0 

C >»x 

x 0 E TJ  x 0 x 

0 X X 0 X 0 0 

0 a 0 

0 

>iCU  OS 

X 

X 

0 X x 

0 X C C © $ X 

X0OPP0XX0O 

•> 

(L.  0 0NX 

rH  P 

c 

X 

© P 0 

0 0 0 0 X 

x x 0 0 p x x 

© 

Q C 0 

rH  fH 

M 

0 E 0 0 

X 

X 0 X 

X 0 P O 0 X 

x a >100 

• 

p 

*.  -H  0 

•H  > 

c 

X 3 © x 

p 

X 

X 0 > 

xxx  X 0 

TJ  OX  aDTJx2>:x 

© 

3 

r~ 

C 0 *0  rH 

X c 

0 

c x a 

0 

X i x 

W X > C ® X X 

0 33SCX  0 0 X 

0 

00 

0 0 rH  < 

w 

0 

O'  0 p E 

ax 

0 >1 

C 0 0 0 

O0X0  0 0 © a x 

0 

>1 

ON 

0 X -H 

N 

U 

CO  3 « 

a * 

0 X 

*x  0 E C 

C X - X TJ  C 

0 

H 

P 0 3 * 

X X 

O 

X X 0 CO 

3 

X 0 x 

>10  a 0 x x 

X *•  0 O'*  0 p X 0 

a 

>. 

O X OJ  c 

P <P 

X >iX 

0 CO 

X 0 

x 0 0 X 0 

>XC3CPPO0E 

a 

X 

CO  0 

0 0 

• 

xx  M 

X 

X 0 

0 X X X c 

c x 0 x 0 ax  0 x 

X 

3 

O 

C H JC 

3 P 

P 

P 0 0 X 

>.w 

0 n x 

0 0X  0 0 0 0 

0 X .*  x p i bXP 

p 

m 

•H  *D  0 *H 

OQ 

£ 

) £ 3 

X 

©PE 

P 0 > X X P 

OSXOX  0 XX 

X 

£ 0 P X 

O' CO 

x x 

000 

0O00  X 3 

X >iX  0 

0 

0 

x 0 u 

P 

E x c 

3 x 

a 0 c 

> a m tj  0 x 0 

E 0 0 >iX  0 0 X 0 TJ  X 

>1 

C 

• *H  *0  X 

•• 

0 

m x x 0 

0 

0 a 0 

C 0 0 C 0 0 

0CXGX>00 

c 

p 

P 

P C 0 0 

0 

0 

X 0 x 

p x a 0 

Ox  0 X X Q 0 

X00XXXXP0 

0 

0 

*-) 

2E  D P.  US 

X 

Q 

W X X x 

w 0 *0  0 0 

U TJ  X 0 E a E 

WS«E^X<S0X 

a 

> 

A 


p 

0 

0 

c 


O'  P 

c o 
w c 
P 
X 0) 

o > 

X O 

CUV 
0 X 
x et  0 
0 X X 
■H  Q+J 
> 


Q >iC 

u 

P o 0 

© o'  o 

X 0X 


§ 


CO 

0)  0 

0 a > 

C 0 r-> 

SZ  0 0 
H to  UH-D 
X P X C 

•H  <D  3 tI  (fl  X 

£ SI  O CO  <0 
4->  CO  >S  P 

X O O cc  O 
H TJ  -*->  C1.CC  CC 
X 0 

1 U(DD  C • 

G O C O CO 

N CiJ  -H  -*J 

x x:  > ® • 

tut,  - 0 n> 

0 0 0 E 

3 X CD  tDCO  X 
3*  (5  C3  C O 
X X co  x 
T3  r O 0 

CO  u 

'O  U C 0 0 

O 0 0 0 

0T3  0H  3 • 

E C S3  £>  © 0 

O O 0 0 SZ  X 

uo  ^ >>*->  x:  -*->  © 

Hd-P  .* 

H 3 > P O 

• I — t C-.  0 43  o O 

0-H-U  C 4J<h  P, 

X * XX 


TJ  * X P 

r— I 0 r-H  0 r— f X 

X C P X 0 C 0 

X O P X O 43 

£ X * 0 r-l  4-> 

X I rl  C 

4->  0 4->  O P,  0 O 

•rl  t H H O X 

0 r— 1 © P C 

>>  C O 0 X 

0 0 • 0 X 

m to  ►>  o x tj  >■> 

X X 0 

© 0 O T3  10  C 

£ Ih-H  (OH  WO 

X 3 X C 3 C E 

X 0 O O X 

X 3 E X * r-l  © 

O <♦-  0 -*->  -r-l  P 

C P 0 X 0 O 

T3  T3  P 0 X E 

0 C 0 SZ 

- 0 O C -*->  P X 

X 0 0 O 0 

0 ■*->  to  •*t—  P. 

£ (OT3  C 

-*->  tH  C 0 O E O 

X © P X P X 

X ®H  3 -*->  < 

3 4->  O tC 

32  P 0)  3 3 C C 

0 x:  «*-  P O fH 

ttf)  4_>  4->  0 4— > 


C T3  (0H*J 
O X C © x 0 
H O 0T3i  W 


0 

TJ 


0 

O 

o 

32 

0 

0 

0 

o 

X 

X 

0 

p 

o 

CD 

CO 


0 

O 

X • 

> X 

P 0 
0 0 
CO  O 
P 

4->  © 

0 -H 
© T3 
P 

O 0 
6u  to 
C 

© -H 
X X 
+->  •— 4 
0 
© 4-> 

to 

p p 
3 O 

<M 

0 

^ 0 
P 
TJ 
0 
3 

cr 


0 


C 

T* 

>» 

P 

X 

Q 


>> 

TJ 

C 

0 

*as 


>» 

r-l  TJ 
0 C 
P 0 
0 

U r-l 

C rH 


CO  -3 


a 

o 


o 0 

>>  p c 

O 0 X 

e © tj 
©CP 
tO-rl  O 

< to  o 
c o 
CM 
O rH 
■H  0 

P 

o c 

0 0 0 
x PE 
O P C 
POP 

a.  o © 

> 

rH  >>  O 

0 eo 

X P 

a < x 

© o 

E • 

C CO  c 

0*0 


c >»  > 

M fes* 

• to 

TJ  0 » 

P P c 
3 CO  0 
32  t0 
P O 
..  X 3 P 
O P Si  CD 

■X  0 r—i 
X — I X 
(00^0 
©o:  cq 

-H  • 
p • •—t  • 

O p O P 
o 2:  U 2: 


Q- 208 


PEI  Consultants,  Inc 


$ 

N 


7^1  y 

P % o £>$  a- 

-h  < i x « 

x J 00  t .!  2 

> ^ P 

t J e 

P ^ 


m d 


t * .1  J 

j -\  1 4 -r 

v ^i’  ‘M  § 

* ■ $ _r1  * 

^ <5 
ill 


U* 


i 

o 


- 

V/i 


o > -"a 


4: 

ot 

6> 

5) 

-d 

< 

u 

o 

c£ 


. iJ  rf  i ij  *3  g i 

3 |j  v ^ I jl^ 


bf^ 

j * * 3 0 

-p  -i  J * 3 5^3  0 u 4 <j.  * 3 

*[P-4_jU|  f^tp  j/  •?  I J!  J 1; 

>^L<  ?3  *£  sP  k \ \ i r 

^ ^ w U(J- 

P id 


vS^, 


^ 2 ^ ‘,5:  c *t  -9  a 5 j 

n !i.  ^.5  ^ 

0 “>  rrt  r r\  1 i / L-  1 " ; 


ft  <rjt/- 

de  .?!- 


^ 3 rrnii?  3 . 'u>' 

$ >1  .<  il  .L  j 2 .sr?  i"4x  i n < 

j3  ^ I did,*  i o ^ ^ *i  “'  J 

i rlM-rU 

• ?-r  v -A  i 14  ' 

d * e 


^ ^ Ur  t j 
< --ft  w " iT 

3 >-  ir  U- 


iv  „ > fa  « 0 a**>  * UP 

* L \ C • i ft  d d e 

* ^r>  - ^ 

> A 1 3 - e i . 3 

ii.s«r 3 


l* 

^ ^ SI 
1^1 


^ *v\fl 


-r 

tf 

L- 


»>  J s /7  j >> 

■ ^ -3  -f»  T 


j. 

o 


i £ $■  i <s^L^  ^ ^ zl  ^ 


o 

2 


r, 

lj!  i-p  4 ^ 
3 2 (J  a *> 


a 


</) 

LU 

O 

> 

cc  § 

Wills 

n«£^ 

S '■  8 8 S 
CC  £ ^ § 5. 

<uj  o © 2 
0.  z ® 7 


o 


s = 

•Q  o ra 
® 5 


CC 

< 

LU 


<£j 


«■  i o 

liiis 

1 < I ? O 

2 uj  < 0 d 
Jr  cn  O od  ui 
iUj^O  2 
Q CC  O j u) 


O 


4-ffl 
*«  ^ 

m 

-r  *)  4^  ^ 

7^  ^3 


'A 


v J 
<0-^  a 


4: 


p-fr 


t*  ^ . 
ii't-j* 

O lA  CV  Q 


; y 


tt 


iiP 


✓ ^ 
y o 

0 


i I 

! c, 

? i 

* ^ 

1 1 o’ 
> 

v 
o 


i * ^0  3> 

¥"  l L i ^ 3 £ 

A cfi  t , c^b°4;  y0.^4^' 

<14^1  IS  j " P \ 11  ^ ^ i 

^ i ?trs  ii  ? ft| 

^ ^ > > -P  6 

y . * . p ? 

V J L,  4‘ 


3J 


fejij  ^1‘r4 


! O (%**  l -i d 'ft^  p- ^ P 

\ii$Z  ,<*!*£  **s.i  t * °>t 


0 


fc  4 


iii  3 > 


< l * , -^  -S'  Ji-V? 
4 s tf  0?  J j t i 1 1 'i 

0 - 

n.r-4  5 < 

' ^209  « 


-tJil 

11  t u 


■£'7 


Q> 

J 


6 <,  ^ - ^ 

PI  >P  ^ 
0 


; y ; « 3^ 

c a %.  & 3 z 2 H 


$f 


z © 

O ^ ^ 
_ © © 
.£  c co 


.si's  II  | 

eo  o £ ~ § Ojr 

fillips 

h fl  « ^ M ^ 

= a-'S  © a o © £ 

® « n -O  “ « £ i 

c.s  »s  IIs- 

:|f 8»f  ijj 

si  5 2-.si 

!IM!f  fi 

I ? J als-il 

l! i o |i 

<Z®eo©oo<i>"©8 
•=  c » r ' 32  > 

i£o>-§--2 
«S  2 • « S-J„ 

<*-75  ^ 
c £ £ 


^ ^ S 

*-  •-  o o 

C i-  O 


a . o 5 3 o Jr  op 

g • 8-  E i o“| 

g - S.§  >*l  o 2 

© E *®  e o c *§  ~ 
u.S2g"-°«8^ 

© c=  © o ci  «*_ 

.1  fill  s t 8 

SS-^oToESu 

°f  = «.E£u~S-i 

C/3  — *0  © * 8 © ^ 


a2 

' O 9 - w ..  w 

So5  c rr  W c 

© O es  ZL  P..3 


TJ.S^' 
c rr  w 


«>T5  g 

O C Q. 

o CO  e 
© _ E 

*-  "O  •- 

o — — 
« « (8 

® c c 

<s  I 

8.8  I 

2 *2 
ec  T 

S E c 

'S  -a  « 
^ © © 
* 3 2 

« X 


v ««  G "tr  © c*  u- 

.C  C o O X>  © o 

**  8 . C 

® = g 9 2 00.2 

® -c  at:  ° e «• 

X e'c  <■>  .E  C8 

S 1 2 s I !=  2 

CrS^8  ■ S 

<•-  X X *-  k.  • eo 

° = a o a ■ i 

'i  >>  5 ~ « -6  . 

■ ? - j j . 
© 

■a  © 

© o 

k.  eo 

a V 


O JD 

1* 
- *D 

>>  O 


© 

O ’5 


■a  - 

o 


jj  2 w o 
,E  o c ~ 
h £ 2 -o 
2 «z  x « 

* 00 

g U 5 2 . 

.3  © ° 3 
t •-  — O . 
r «o  eo  o 


a oo  5 3 


:*5t  o o 

X)  _ Q 


£ — © 

■2-5  C 3 u o 

a e — Q © •-= 


2T  E 

m *“ 


ai  U c«  > o -D 

ci  CO  > 6 _ 

eo  T3  CC 

c .2  c £ © c 
s JC  eo  c -c  — 


© H • 


~ © TJ 

i_  k-  <n 


C Cl 


c • 2 


S'0  -E  « 

?o •£  £ 

■ ~ > r 


o « 


o -b  S 


.2  So 


O 3 -O 
^ O 


S ci 


P P 9 


> « ?? 


O 

4> 


® CO 

« .t:  t>  - 
JS  — eo 

2 o o ■£ 

O f ««  « 

o > oo  o 
2 c -S  c 

O O .'3  «o 
« _ « 2 
a e 2 

6 o-s13 
•>  a — 00 
£ E S « 

- 3 O J= 

T3  « a u 


*D  ■D 


T3 

■S£  £ 

!i; 


E .s  g r « <5 

« c 1 3 “ « C 

i 

a o c«  r:  «—  «- 

3 o ^ .=  “ = I 

!*s*!|i 

«c  ^ 00jt  -n  ^ t: 

MiiHi 

« c c 2 01  ^ 

^ 

° E « » S 13  - 

v S 2 “ ^ j:  v 

5 C.  ,s  x>  Jt:  «> 

.c  *>  <*-  C0  ,-s  _ ci 

y * ” 11  2 c K 

.2  <2  s ■=  _ a g 

73  3 „ c -2  £ ! 

£ S 5 | S e S 

- c ) x E; ) 


i CO  s_  C3  a> 

[ Of  M 1 ^ 


8 a 
■8  ® 
o • 

T3  £ 
£ «— 
o o 
.£  >, 

8*? 
© • - 
X o 
H 3 


Ecfe? 


oo  "b  o 
o c « m 
© o •—  — 

w C o « 

£ ‘I<  © 

s 2 e 

VJ 

*3  °0  o 


© 

(*> 

■fcJ  ^ 
eo 

Jr  © 
Ox, 

c n >» 

"Si 


•3  « 


O C ^ 
•O  eo  2 

■o  “■§ 
S E _ 


c n © 

. CO  O 

E a 
E >• 

1 E 

2 •? 


© a 
m | 
„ ._ 

81 
a 2 
.i  I 


0 S E 

_ . - = c 
► J-:  E § 

« 3 _ 


£ E £ 

•O  E ® eo 
fc-  eo  E O 
2 E - £ 


o c 
E O 

C N < 


£ o ' 

s-s 

> 


<s  3£ 


*-  © ^ 
» '5  ^ 


O © co 
.£  £ © 


£ 


o < 


Cj  © 


E1  ■— * © 
E - a 

— Z o 

o ^ a 

■o  ^<r 

c X)  w 

■^*o*S 

i.gx» 

- 3 8 
eo  © > 


O ^ “ 

Cl  CO  » 

«:s 

© k. 

,S  £ > 

S -2  v 

E ji  v 

JO  >r  s c 
2 °®  = 
. e o e 
£.2c« 
2 o.2  2 
■S  « - o 

3 eo  m 
C O >■ 

"otS 

I/O  “ 

© © 
f a2 


JL 


C 00  >0 

5;  c = 

• 2 IZ 
© - 
^ — u 

2 c a 
--  c uo 
© 

3 f £ 
« eo  © 

o 

© 

X) 

w *g  o 

Z g c 


o ci 
g-  E 


o >» 


< - 
U « 

-e. 


3 ro 
Q.  CD 
C 

o 


z J-S 

sll 

3 = 1 
u < 
« c 

y o 


> 2 


5 i 

■s& 

to  ^ 


* « 

2 a- 
■o  E i 

■D  y. 

S 35  O 
> g 2 

£ g T3 

Em 
“ c = 
£ o O' 

§1f 
- » 8 
1.2  £ 
= gt 

“1-5 


P UJ 

£ c 

u a: 


E a 


a _© 

'a  « 

© ? 

J£  c 


•-  00 


— c 

^=s 


i 


g C M 

=*  4 £ 


E ?S 


E £ 

o •- 


s-S 


>n  c n 

1 c 2 = 

.2  £ V 

i © E X 
^ 3 © 
E OO 


*»  k-  v'  t 
co  eo  >»  .— 
X 2 “ 
©J3  5 
£ c *5 
2P-- 

>*  *r 

•ts  c - 

> © < 


X 00 
co  CvJ 

E ^ 


£ * 


o « n £ 


- U 

-T'© 


<«  eo  © x 

y 

CO  (T  ® 

•"  eo  ^ X5 

75  ^ •»  « 

UU 

E ^ eo  — 
g © © 2 
£ u a-j 
— c o > 
> .S  • — 

C TJ 

*>  ^ o g 
©Ex 
£ o o 2 
5 o © .E 
>o"{ 

T3  *-  .22  _3 


8-8 

E ’£ 

x "o 


X >* 

• — -O  t? 


■§: 


*a 

2-0% 
age 
•o  T 

s«“^. : 

c — . “ j= 


^ .E  ® © o 


I§2  :?-Sr 

I • . ,-e  S ■£  .£  .2 


° -s 


_ '’I  CO  .— 

^ O £ B 

c «r»  C 
*«©»>*« 


« £ 

en  «/> 

© i 


x:  -c 


^ r © (0  O 

£ s 8 o “' 

x:  > ft  u 


g £ u 

Z£~X 

C k.  o 
•:  © “ 
2^  - 
.E  o « 

a tj  Q 

■E  S.I 


» E 


« o 
o u. 

3 — 


' u 8 

!iz 


Q.  E 


©©  © *a  c c _^-o 

S £ .8  S ^ 7 « S 8 


© e fc  o> 

S 1.1  2 

« * C a 

E c£  Si2 


8 | 
° g 

■o  o 


iZ  * 

xx  a 
8 „ 

-.a  i I s 


3 C C 

5 ° •" 

I,— « 

f 2 S 

^1  « 
§ £ 5 


: q ® 

T5.S 


'5  ? e , 


.“  i o ■ 

X n 

L 

© © 
o •£ 

S £ 


2-5 

2 o 


■ r 
S^S« 
2 £-  5 


„ 2 a:  's  ^ 

g JD  Si  — .*2  OO  — .3 


■c  => 


£ M 

2i 


E 

z « 


li 

•a  ~ 
S £ 

■o® 


M C 


2 5.S  Jo 

S u,£  • 


i V,  . 

T3  ^ 

E » 
o • 1 
“ a .! 
o •—  - 


: « < -2 

« 


E £ = 


c ^ 


c ® 
v e 

-ii: 

o o E 


E 


x>E°££SEo 


•a  — .=  ^ © 

© eo  > cj  a ■"  x 

1l£|l2- 

2.*:  y Eu.  « ® 

og 


° S 2 2 1 H 


•|  E o ® 

M ® » t 

E £ — © • 


M 

* it 

■D  X)  O 

i|  £ 

z „ y >. 


!-5  a 

'U 

= o 

© 

£L  >n 
<f>  C 

•o  « 
c . 
eo  7Z 
x w 
C o 

Ii 


a, 

c 2 o 
v UJ  a c 

& « "E 

" . s J3 
j:  i-  -o  « 
■»  g-K  £ 
•C  o £ 2 
■o  £ « 

“iig 

5 o c 

Z " . ® 

3 -o  "Z 
X M c o 


Eo 


M o. 


„ no 

M .£  o , 


o •£ 


“ o « 3 « O _ 
c g1  •-  co  £ x>  .-= 

" -3  a _ s 


00  a oo  3 Z 


i “.-3 

l-g  2 


£ 2 <0  - 


o C 
a X 
E 2 I 


5 © ° E 


« a > 
o © .© 

> !;  © 
t;  c x 

® © "3 

- E o 

© "5 

s-: 

ill 


© oo 

2 o 


a.® 


: *3  E «tr 


w 5 © >*  ' 
\Z  j=  © «« 

°c«- 

S 5 X £ £ 

s 2 - 5 W 

— E » S 9 

■o  .«  O S “ 

« w c r 


Ifl 

'C  i •£ 

g 8 a 
2 «S  ® 

CB  © « 

I'; 

Sil 

© __  X 

> p © 
*o  E 

eo  » 
u-  C *- 

o o c 
**  _ eo 

.£  © .y 

— o <— 
« 00  c 
X /-v  OC 
I-  £•■ 

_.  X M 

«S" 

o o M 


2 « 
3 E 

Z O 


i ri  £ 

’ 2 c?  “ “ 

t;  .5  « 

: -a  Z,  S Q 

. » •-  S OC 

1.2  =- 
co  o C e . 

2 © eo  *T3 
a « © 

cn  a k. 
«-  -O  ° « 
° © >»  C 

t?  © 3 

© > O 
> • - © 

£ ® S 

X © „ 

k.  © 


w y © 


.E  o 


X 4)  oj 

“ S E 


© 


= ” -S  8 § 


c 

■2  SiZ 

eo  eo  ^ 

I .«>? 
e :-= 


■b  « 
© o 
£ a 


21  r eo 

•E  8 £ 

a o s g 


o ® x: 

Z ? - 


c *° 

.£  o 

e£ 

CO 

e "O 
O 2 
© eo 

© .E 
•°  E 
2 2 
2 c 
o o 
© © 


>.  ® © 
« Z a 


^ E 


a a, 


^ >%  N x 
c «o  * 
3 ."2  2 E 


a>  — 

1 I 


E * 


*«  © o m 
■:  c^T 

X'-n7 


CO 

X o • H 

b i:  >>  . 

X»S£ 

» •—  “ m 

> » e O 

M M M 

S'!  E £ 

•-  on  T3 

XT5  o eo 

|S.sa 

ft,  w © © 

x:  «-  oo  -o 
^ ■"  m *o 

■n  k.  © 

c >'■5  o 
« ^.<2  “ 
«■“  1 o 
■ES5-I 

E w.  S 

0 — £ 

s 

■°  •=  «? 
<-  _ J<  . 3 

° g o E 

1 l°-l 

s> ’£  — o 
oo  » *- 

2 oo  S?  2 

© c 


> .E  2 ^ 

> — eo  oo 
eo  --  s w. 

T3  2 a ® 
2 -o  © •© 
® © ^ .2 
E 3 « *o 
x 5 y © 


o ‘r-  E i2 

^ a o © 3 


.3  © 
— © 


o -g 


eo  .3  -3 


w -O  X 

C « 
© 00  ^ 


E X ■ 
© o 
© 

eo  c 
eo  ^ 


- O ^ 


o a 
> a o 
: a >,  © 
: E X E 

;i  1 2 


= c 

§j 

C C 


■d  . a - 

3 B £ 

S • ■§  £ " 

eo  eo  eo  .2 

tr  cr  n> 

© .*5  crT  "O 


&| 


a 

a«  5 
y £ a 


Q- 211 


ns 


z © 

Q n in 
_ 44  44 

,£  c oo 


g O' 
o £ 
a ^ 

o 


I I I - I S X I 1 -S  I J2  ^.S  -o 

nC—  ~ t^~^>co  rac>c 


-l/)T  u) 

4;  X 4>  3 

ro  ® « o 
eo 


.a  5 js  E : t 

TJ  t eo  T>  .5  i 
«"  w o w®.5i  > — 
.-oc°-de|^2£ 

cEj£fc-4>Sc^ 

3 -w 

-■)  u.  ft>  — 

= -*  a c , 
o 


~£°  ^E;-°  = S^2j-r 

^f>-gTJc>.J;-=SEa0-s“s2 

E 5 JS  _ - 1 £ « £ ° *.S  * » a 8 


00 


“E  2 


j .a  £ -o  _ 

|?|ISsi-9-e'Sgts 

“ -i.Sfc  f.s-g  Sa  b 8 jj-o  ji- 

o-c  D y c x *— . £ eo  kA  .3 

^ a>  a;  — 2JoP--o  — ' _ oo  c o o 
•>crc«e«Eo<og-£e.'l?o2i>*'Q 
£ g f-  .5  -E  .2  S r -E  ~ S § 5 ° “ Si  - 
I?  ■o£?_?-!fog:^0SS^ 
“!?i!iSo- Sg=a?if  s?; 

* .2  o 8 2 = £ £ 5 2 ~ c g 

1 c 2 2 . 2 co  O a»  '> 

c ® — m ^ n 

•r,  73  °’5  ~ £ « c w-c 

kJ  44  — ~ (J  t 0 - a. 

- JT  fl>  TJ  CO  , _ « .2  2 n 
•-  ocd  « « j;  u,c.«2  ? u % >»c 

■O  £ o o 2 *-  o*o5o>sOi;4> 

l-fS^s  •^SsTfillff'S 

5§"£S*gs§J*2S=  o 
“Suyc~E£0'5a;=-ou5 
■:  » cf  »c“  « ESC  • J=  i; 


44  X) 

E « 00 

Crt  00 

a .E 


O 1)  k 


• .2  o ' 


° a£ 

c i 


1.2  = 5 a.r  O e _ 

:«/=•*.  “ Sf  S|  .5  fs  id 

• «5  JO  g c I > f = 5 

fcoo£gw4>E«c-2o- 

;E=;-°3S^S;i" 

e u n a „ J2  b [n 


CD 


— J=  u r-  £ 

2 d 'r  o n x o 

•-  § ® ^ 3 5 ° “ 

g<  o = g g E 

q.  ^ « S ,“  u S a”1 

*r>  C t”  k.  ^ _ i». 

g J 3 Q.  "§  g £“  ? 'Z  £ 

JjM 

a>  o 44  o c ~ ir  .3 


44  4>  V 

— 00  ^ 
“ *3  £ 


44  o 44  *0  — 

s *-  To  £ c ° t; 

0-73  ” f-  00  JSC  o 
P c « . a 'C  2 

“l  3 ^ o 


t « O £P  « 

* ^ ^ « Q. 

cn  P 4>  X «e> 

c “u  E “ . 

— — O' 


a>  44  co 


. £ S 

r = o 


•r  c 
Q.  T3  a 


; -c  •= 


m 3 ^ 

Sa« 

f » o s »“> 

c ^ CD  — OO 

O O c O -w-  ^ . — , 

C o£  = p5  ■ CJ 

C^c'Pg.  OC.1 

" ° 8 = 3 f S E 1 

OjCjD—  0^"OT 
2:  ■-  a • - o oo  o - 
enX,'k.<Ut/,cc_- 

2 *°  c 7 ‘5  t '-g  O s 

j-a>  — --oco*2^ 
w c r n c u T 

*>  — £ «?'"  Sfc  s 

gl-S  - u«t  * -c 

£‘°§?S^gS 

| s._-2  £ E °|  S 

8EES'gS?| 

=S  8=S5  i si  I 


t 1;  j 

(j  a o 


* i 

r *a 


su  u 
? 7 40 

Q?.f 
•g  -s  •■= 
■s  £ r 


<L>  ._ 


a>  CJ  ^ ^ 

*C3  U,'  ^ O 

c S;  Oh  r 


z,  -2  -C 


, w Q. 

f*S  E 


O t: 

*5  _ - 


ra  o 


w a>  c 


q -a 

Q » 


= S c 


“ E 
-c  x> 
00  3 


il 

•-  ri 


O JZ  i_ 

■ Z ~ « 

o - r 


5 JD  • - 3 r 3 

— T]  O ^ n 


<5||I 


.2  o < “ 
lc  £ U x> 


E 5^  c 
i a c 
9 2 £ 
a 


m Z"S 
3 - 


l_  C w 

c > c 

X ® 1/ 

r £ 

«f  - Q. 

"2  2 .- 


w £ O -o 
J5  > o-B 
_ S ° S 
£ E £ > 

Jic» 

^ eo  g 4, 

« a c 

•c  S o 

— c ± c 

- s-  > “ 

« .*2  c *o 

f T]  e>  ^ 

«g  00  X 3 

§s  cf 

4>  O ^ 

c S a 

1*  E 5 

“ g ^ £ 

Z ° o T3 
U.  3 eo 
' O ^ w 

° (fl  « o 
> o « c 

< CO  00  u 

- 11? 

L2J 


sTk 


O ^ ^ 

_ a>  a> 

c c 00 

5 


— eo 
— — a 


eo  i?  X2 
2 *> 
eo  • — O 


s ■§  • 

•o  c ^ 
c « eo 

3 ^ . 

„ c-e 


f £ ^ a;  c 


1 . _ a> 


a)  o>  .= 

Z <L>  ~ 


4)  O 2 


•-  c 5 t 


a » "S  8 8 


S'  ? v 


: -o.E  o 


~ ‘ ^eo 

. O ■ 


9 CL 

* o 

< s. 


*-  -J=  T3 

S '£  § 


“| 


r (8  ft  ■ **  « , n 


eo  ^ j. 


« ^ 


eo  O Jr  ^ ^ 


crlo  t:  ' 

- 3 ° ' 

c 3 T3 


■__  cow.  C ^ C CO*-*; 


° — d ^ Jr 
^ \Z  rr  it  tr  2 


ClJSEEi 


- CM  >_«  *- 

£ - ffl  O 


>s  <U 

3 £t 


S-S  B 


E 2 


I?  =£ 


->  a B s e . 


■ 6 -2 


5 “ 4-  •:  E 


: g “-g 

.3  » c . 


s?> 


2 o . 


« 5 2 >>  5 


2 « 


I El 

• 3 


M T3  XL  6 ! 

44  • o W-  0> 


■2  eo  O 


cr  « 

5 ^ • 


7,  Z SL  5 ^ 


"O  co 

£ a> 
, n -X 


P.  oo.2 


w £ .=  *5  J>  £ oo 


2^03 


2 E 


! Z Si  * 


o»a 


’ X3  >..3  S 

: Ss  Si 


k c '5«£ 


£ .2  j?  o 


££t>  9tk 


8 a .B 


«n  o 
■D  «« 


: X)  3 3 ^ 

! -a  .S  | ° 


2|  St 


c t: 

eo 

o 


Eeo 
°0 
2 O 


£ 73 
. - c 

^ « 


s _ 

O § 3 


O 4>  • — 
a oo 
o oo 
w 3 00 


- 8 


•-  eo  o 
-a  a ., 
•»  . o •— 

oo  w -3  C 

.2  s-°  a 

■«  S5  £ o 

— >*  £ O 

■Eg*- 

u C jC  C 

0 o>  ^ E 

’>  C eo 

1 o *-  _e? 


E 5/5 


» -o  £ c 


O eo  5 _ S E 


O 3 ■*-  O « 


o 
P TJ 


53  S 'H  3 


0>  4J 

« E 


0.2  S • 


■0-0  = 

O « g J 


•*  T*  £ D 

4>  Jd  ±1 

*°  S .3 

g 2 • 8 
.E-o  • _ 

J ^ _ eo 

0^55 

4)  >t 


3 « : 


I'D  JO- 

I 4)  m 


6 .£  ' 

4)  !_  < 


° i . 

O £ 


£ w «-  i 

* 7 k.  c ■ 


£«!ic 

_ C a.  *-  w» 


. *o  — 

C 4)  ” 

: ^ .£  X 
• o w 
1*0  W N 


X5  3 


3 > 


’ p O c 4> 
i£^o  — 
? -2  k.  S *- 


•2-0  & ° r ? . 


c c 

i 4)  •— 
> £3  4) 


3 fc  ca 

£ £ o> 


u 4)  jj 

00  CO  E 

.5  2 t/> 


< CO 

2 g- 
w E 


4>  -O 

£ £ ; 


i Q.  X) 
i 44  CO 
04  — 

I eo 


04  _ 

•5  « 


73  .=;  eo 

V ^ o 


o o 
- E 
c „■ 


O' 

1_  c ^ 
« -2  £ 
£ « 


% S o 2 5 


w ■n  — 
3 O e© 
CT  O i 


w <*  b ¥ o oo 


c .2  g?  5 

- CO 


> £ £ 

O 3 o - 

II--5I 

— O Oft  « 


CO  ‘y,  — — 


u £ 2 ore: 


X r U C C 


J «o 

u ^ OO 


•—  4> 

J i . 

a c 
E .2  . 


00  , 


O eo 
o j; 
" T3  • 


Si 

,Sh 


5 | = -5 


u_  CO  I 
w ^ C4^ 

u u w 

,2  - « 


oo 


•C  eo  > 

^ m-  e 


J.  K C ^ 


C Si 
UJ 

Q 

o: 


X O £ ^ 

% * — C 


; « t: 

Q.  44 

E “ 


t — Q 44  ; 


U CO 
O .£ 
u.  oo 


cr  4) 

« 2 


. - o 
o o 'Z 

*r,  o eo 

• k h ■ 


^ «-  o . 

: O 2 e 

; £ o 

•r  « o - 


■O  _ 

t c — 


E cr 


C/5  ^ 
□ oc  O 

Ssg 

44  £ « 


■O  E 

44 

O w 


«o 

S o 

.2  r E 


^Q2«  - ^..2 


X o O x:  a 


~ co  ~ 


£ 'S 

4> 

w p: 


c 


04  t: 

I.E 


R w. 

— ^ 44 

co  Oc , 

</•  T3  w- 

o 2 n 


: 73  a :•= 

; oo  c x . 
i oo  .g  •- 


2:  -a 

I- 


g •>  E — 


•«•=  ^£  a r 


Q- 212 


O 44  .2  J2 


W o = | 5 ^ X o c 


E o 


0*0- 

x V o £ 

44—0 

° j Si 


r r (B  4) 
44  3 44 


44  5 44  _ 

Is  « 00  £ 

c -°  )r  3 

44  w O O' 

■a  - ' ■• 


— 3 


c E <■§ 

X U.” 

eo  *3  UJ  *o 

r|z  S 
I J c = 

gw  5 O 
jj  o C 
- < £ 
c *5  O 3 
Ij  W J ^ 

IT  44  — O 

R i 7 Cl 

Cc  I 

cr  < 00 

5:  rr  c 


cr  > 44 

a £ 5 x 

J?  3 ^ 

.|  CT  .2  ^ 
J T3  a “ 
44  £ E c 
'c  2 ° ” 


J o C 
^ £2-2 
V.  B 4)  u 


: •-=  JT  o o >. 


eo  2 


4>  ■— 

H S 


. 


$ 


£ c oo 


o .2  « a E 
c i o -a 

= .2  1 1 3 


° o 

QW.OCO-- 
o)  3 O o O •- 

••5  S “ E « £ 


c C S'  -a  .s  K 

13  © O 4) 

« £ £ .5  “3 
-75  c-S  --- 
« “ a E = 2 
c «X  O « 
x ~ u u. 

« **  .u  n ^ £ 

Ea>  4>  ,/) 

55  oo  t!  *>  •- 

iliMS 

**  x ■=  g o 
oSSs^o 
3 £ «r  » g- 
y « c os  -c  2 
§ 3 .»e  a| 

° fl  ,,  o « 

y x £ 8 £ 2? 
£ 1 « o x c 
3 >V  £B  W ° 
00  O'  ^ _ qi  <_ 

-o  c « c 
•-  m 2 C « 3 
■U  it  a>  *o  x _ 

§oEj3? 
3 **  00  ^ , c 

£ o ® £ S 
.2  & 5 - C E 
a--  E if  c o 
2 >.  i a .2  « 
a -5  < y=- 

a £ I ~ i s 


v > : - « *>  Q 
x ^ :»  9-  ■ 

* eo  > c/5  — 


Sis  £.cw 
£ « g5--  _ 

jCjs" 
« x ^ .2  2 

E0C  u u 

«3  o *-  r 
3 C Q-O  -J 
<««>£« 
a co 


c J O u J f .2  o J 

gS'oSg.y; 


- y « « « 


S Si  -D  • 


.2  C 


o ■o 


."1-8 
— X 

= jj  .2 

« "O  £ 


u.  ea  y 

00  1/1  ' X 'T1 

. e a £ 

-a  e -2  S a 


y y 


£ a = -3  O'— 


•C  =b  if  — ~ 

s .E  ««  c £ 

» " 1 ■;  e 

£ “^  o1'1 

?“  1 £ ° 

:«.»  Je 

8 C 2 “ = 

o c s °C 

3 8 | s « 

.s  js  1 1 o 

*1  X y 

»2i  ox 

c — eo>- 

S O -o  .5 

3 3<»« 

4)  ^ 2 *3 

8 £ w 5 2 

75  E . £ £ 

.2  y ! a2 

y - < y § 

•?  o g o « 

»!!•!£* 

■ y E 


o X W 


w a> 

£ Js 

i o • 

y m y 

i b.s 


y ^ * 
- 3 

4)  O £ 

is  * 

X 4)  .3  O 
— C 

E3£ 

ylfc 

.2,  a 

£ if 
I8'S 


a 

If  §a££ 

< O'  y £ S 

£ c -S  o | i 
c s s I i :§ 

y .•=  O ® y C 

££*  = 5 o 

. c s s i r 

S — .£  “ y 

5 -«?•;  s 

y a EP  y < o 
o — .£  x (j  _ 

„ x>  — .2  _j  .E 

£-Stz  2 

_-=  §•!<!  * 
"■  .2  a)  o £ z,  J; 
<-  j=  3 .r  O'  2 

>'  1 ! 1 * -S  c 

r “2  g ! 

“I  >>!■=“< 
s"  g r,  § o § 
g £= 2 si 

. - s .2  £ 8 j 

m _ *=  c O X) 

QO  C n b C 4> 

coJS6 

22  T-« 


f -S  I c 

.E  o 


v o C - 

H 3 --s  r.§ 


-rr-g 


ji 


S CD  « 
>*  e <8 
si  S 

r « “ 
« g « 
0,  00  .2 
- £*  S 
r < •£ 


l—  a 

a>  o 

3 C 


c ^ S*s 
o 4)  C e 

u.  •-  0) 

15  Is  - 


I—  c o s 
£3  — a £ 

y j{  « ~ y 
.i  a , y 

3 .§  .5  - .5 


y -c 


- * 
c w ^ 2 
•-  J=  C O 
J=  o t -» 


5 -2  « 

° _.  i- 

_ 2 ■o 

g.2  “ 


3 

2 w ««  6 -y 
*>  jC  4)  •-  P 

^ -i  aQ  ' 


£ «> 

v>  tl  c 

*o  a>  C .— 
aj  r-  • — 


: 

M*s| 

« 3 3 **• 

m C ^ O 4> 
1 1 £ » £ 
g < 8 S J 

S | 2 g 5 

oe?  t:  = 2 


“I  “ 
: Z2 

.2  o 

c jy 

O o'  n 

- » a 
a.£  C 

« ° .*3 
S-  *-  « C 
■ &£H-8 
•ss  : c 

= a 


i;£0 
*—  «> 
&.S« 

«8  CB 

o c o 
O t o 
’>  C CD 


!?!■ 
Can 

4/  <"> 

E = 
c « it 
o £ tj  ‘ 

*-  v>  *o 

s - i-=e 


£ 2 
t -S  .2 
2 e r , 

r §.■ 


g ! 1 

I < “ 


I ■=  = £ "5  E •-  s 


» = ~ « O 


t?  & - 

2£? 


£ Ss 

► o E 

c a 


CO  £ < 


c 2 


|.8?8 
E ao  e « - 


§ M S.  y 

•;2.E  S 

y t:  « 
a ■o  2 y 
•a  y y. 
a S y g 
w a « e 
oE?2 

.0,1  3 


. « y . . 

’ >.  S f 

!.§< 

S 2 | 

■ » -a  .■=  ' 

■g  5s 
h°'.e 

0 4)™ 

j:  -o  c 

•*  eo 


! £ ^ c 
’ 3 jr  « 

•iji-sS 

8 3 

« — O 


ig  Z c 

^ C8  — _ 

■£■00 

D • - 


■5  .2  ^ « 

,3-l-g 

Ills! 
. « w .2  *0 
, O 4>  ^ « 


oSja |?o 

-S  a!  « y t s 
°i'V=-g£S  -.gfjs 
'1-$g§si  Si.; 
s.3  = < :« 


2 T3  S * 

K D - . 

« 8 « • 

75  a O • 

y y « 
•=.=  c£ 

X y.2  g 

.a-°c 

jiS*:  « 


— 0)  - 
00  O 

■o  9 

« .2 

CN  © 0) 

' C i= 


I 811 
.2  « ^ 
? £ w • - 


< ° 
2 & 


w O *«  «J  _ ’> 
a « oo*3  ff  ^ 

• 2 -J 


_ E 

CO  O 4> 


Vy-  4>  3 ° 

c n 


75-o 
! z 2 £ 
I ■§  3 ^ 

: o -o  c 

! uT.r  2 

y y 

.2  E o 

i%2 

® — O 
® C 3 
£.2“ 
« - C 

o 5 o 

4)  O O 

X Q. 

.I  s 2 
.2  > = 
Ol/)  ^ 


« c e . 

z *=  5?  ! 

« 2*S< 

y-  a>  _ 

.2».E  o o 
u.  £ S 42 
£«£:£! 
.2  S “ c 

S«  >».E 

o — 

43  C 

r.si 

C g£  & 
£ < «■= 
* | * | 
2 > f — 

« JZ  3 


a>  « i2 

> = * s - « 

- = - « g. 

.2  e 


— — — o ^ p 

1 CO  CO  p 2 Ek 
' > > >»  fc  - 00 


g E o 2 = -n  -2  5 - 


S-8  a a 

o “ .2  « 

u.  ^ *o  £ 


o CO  ft  ™ 

I S g o 
« 4)  2 c 
« .?  O 2 

£ s I S 


Mils! 

Him 


s « 

£ a S X 
jS“-N 
i - y — 
- E £ S 
c y .5, 

S£  Sa 

co  a>  < 45 


— fc- 

C 3 4)  crt 

« 3 -O  ^ 
. £ 3 £ 

l|ll 

3 S 3 c 


3 c 

|8 

^3  co 


' < 

c 

O t? 
42  eo 

>£ 
C 3 

•P  ^ 


O 4> 

:=  sc 

%rt 

N 

• >» 

II 


£ E 

if  i 


e 2 


o 


r~ 


'-0 


$ 


Z o 

O ^ ° 

_ 4)  4» 

£ c oo 

2 (£ 


oiini 

S.  “ s it 

.g-5SO 

_ y y vo 

a c “ n 

ii 
i?;i 

■;  o g . 
a £ 2 < 
y “ .2  U 
'I e d 
s e'a  z 

•o  4>  - 


V V C 

E ■“  * 


5.  yj 


XJ  < 


a I SS 

C “ T3  ‘ 
o — CO  , 


t r 4) 


5S  dp?  r 


CO  CO 
4>  p 

£ .2 
C/3  co 

11 

< CL 

ii 

.*3  C 
£ 2 


« a 


2is5 

y „ c -o 

•s.  S - 57 

si  as 

y a Ii 
~ ” D — 

2 75  «, 

is 
> »■> 
p -O  3 - 

E g 

O .3  o 
w Jo^3  « 

3 E 3^ 

O X)  ° 3 


_ eo  O 

CO 

4>  «—  c C 

S'"  a .2 

^ c £ •?  ^ 

< c ^ 2 
£ -o  a « 

S 4>  00 

2 r £ (N 

co  C 3:  IN 


CO  < 

0 Cj 

CJ 

•o  Z 

CO  < 

1 £ 

I* 

E _ 

O 4> 


eo  co  UJ  Li 

I’i  2 ,j 

.5  o/  u 
-“‘co" 
o § £ y 
C te  C y 

y 5 I 2 
£ 5 q,  Cl 

o - ^ £ 

k.  eo  *n  C 

a*!- 

v 

S>  « o 
2 3 & 
* v>  tn 

— X *- 


E42  *d  . 

| a » s 

£ £ £ I £ 

^ a .£  o i 
v gj*o  *g  cr 


8 3 3 O O 

OO  O « a)  •- 

mC:2 


= &H 
>£  £ . 


o a>  £ 


— £ O 
« « £ 


’ :=  u 

i > 

; x o 
! *o  £ 

i » 1 


£ ■o 


u£  g-aa. 

: E S e 

■ ° « y g 
E — « x 8 

E 


i S. 


2 E 


a c 

\*S 


: E ■=> 

i<l 

C O 
2 ^ 


, « *d 


■=  5s 

^ T3 


Isis- 


•o  c •o.S 


m c c ^ 


co  * a o o 

S ^ '2 
o « *-  a a 

— C o T3  - 

5 C « S 


co  -n 

E 


e 6 .2  •>  « O 


•So  S 8^ 

QOO 
u.  c 


£ r 8 


r*o;-  > - « 


>*  ??  4>  •*=  a - 


*2 


u.  J 


Eh'= 

< . 5 

co  *- 
c ^ - 

J J “ 

s < 


. o 
y £ 


C ^ Q 4) 

e x . CB 

■■  , C e ^ 

CO  Z.  « .2  <N 

*5  o > r w * 

oE-6« 

c . a.  y 
a o .2,  g ^ 
S'*  5 a o 
y «>  E - x ; 

00  r ..  eo  w I 


■I  2 * -5  ' 


.2  ?=  a 2 c ? £ e 


e;  = 


= o 

i 


E e 


Z &J 

O CL 


.2  -o  y 

10  £ 5 
& a E 

C CL  _ 

.:•=  s 5 


I E — 


- C y y 


£S 

«.  CO 

< ’£ 


W — X c 
y | = <k 

o^g* 

&-s!r: 

>.  >,  ••  o 


» E 

w _e  i;  o 

8 - -i 

— CO  C 4>  _ 

a £2^  s 


c « 


co  QtZ 

5 e 


ii 


w *°  CO 
•o  0) 


° ° u s ^ - r 

j2  ^ n co  ^ co  .— 


*•  O O « •-  > 
^ - -'O 


4)  gui 

E a c I 


w o 

8 ® ' 

a 7D 


s-*S  £ C 
2 co  X 

&s,2 


■ £ « 

■ - E 


.£  o y .£  y ’ 

S m £ oc  £ , 


" y 
£ Cl' 


o'i . 


E c — c S£ 
| ° y ° w 
< -a  o — D 
c S u.  5 oc 

83  » & „; 

■5  > 1*5  = 
as  I £ 
•x  I s a 5 

a | s | -E 

c^  a U.  .=  u 

O co  *} 

g .8  1 x ! 

o > r s 

& y 2 = .2 

■■S'*  a .2  - 

w 3 3 £3 

2 8 S.S5 

- o p .tr  « 


c a:  y x s ^ 

j;  3 n ■*-  o P 


.*3  xi  4)  oo 

3 -*  <->3 


°?  c O 

- ■■§  S 


E 5 3 c a e « 

4)  • - i-L  ‘Z  CO 

^ £ « S « oo 

*"  o -T  — c e 


a 3 co  - n 


E .£ 


■2  oo  « 3 £ a s ft 
J=  *Z  ^ X - “ 


a *5  X 

o £ — 

S ^ «r 


* e 


E >> 


-■  y “ •“  : .2  -X  1 


>,  00  5>  “ 
x ^5  « 

m £ 

2 1 « y 

eSSS 

y -a  .2  jj 

" l|i 


= S 5 .E  - 


y y « .2 

■x.  x y - 


E s 

; >.  a 2 


E x £ 
I c E 


y ® w “ 2 n « 


n _ sZ? ' 


2 3 C 


o -» •— 

£ u.  T3  E 

4>  c — 

V£fliiC 


5 - " 2 .a  ® e « 


X u.  4)  £ 4> 


£ O E 


_ 4)  4)  3 
Q > co  ^ 
4>  CO  £ 3 

4)  x X j* 

0 ^ — 

C B > S 
-2  = 2 >. 
3 t>  Z r> 

1 “ 2 « 

i = s-g 


X 3 .2  •O 

# » S q £ 

.agio® 

i 0,2  a£ 

«-a^ 

— •-  eo  T3 

a - -s  2 1 

° « 3 i 

ti  £ X > fc. 

«-  4 4) 

4)  —X_r- 

JC  C co  CO  - ■£ 

— C X o 

co  O - . J 

c • ‘Z  «£  4> 

O ■o  CL  £ .2 

a ■§  e 2 f 

y = = « S 

a 2 y o 

y o 8 E 

h-  = 75  S 2 

y '>  2 
u > u n 

W w $ w 


<Z  x y x *■»  2 *5 


> . - u (0 


s s ^ 


-r.5E 

w — co  O 


- ^ 


g as  *g  o 

a-S  g 


“ V 4> 


X 4>  w 

r.so 

oo  2 w 

£ O - 

•■=2  5 

5 g o 

y .E  a 


-no 


■g  E s o 


O — = - S 3 «x 

C 4)  ■“  m f ti  — — 


x 8 


= ;n 

« - *i 

•Jill 

£ 1 1 2 2 

2 ^ O C 

CO  X o 

co  co  p*  £ ‘3 

t *3  E .2  o 


5 4>  S -E  W ~ 

Q b E E f i 


o z. 
E w «a 
E S w 

O Q.  X 
8 


s y ? y 

X 3 y £ 


Q-213 


„ i D 
C C 00 
•Z  3 
^ ft« 


SI: 


.a  5 2 < >- 


jSjXIos  t=-  3 „ 
a U is  m Q®  o . o w q u c 

*>  4>  C/)  ® o Jh  >,  « ° « •- 

<*.k2o  ®-  — 2Cft.r> 

C «>  £ _ i-  - £ I C « co  Q. 

^ « .5  T3  W3  2 S ,3  « J. 

1|o'x.^SbS3“ 
-IotAg0?13  lS.r*i| 

8 ■O  - “ “ - .£  $ i.g  « - 5 
sa5“e|*£aSS«:3 

«^jD  co  v«>ca3}=v 

C0«t2'.=  S:5£“ocfeg. 


H |S«  2 


« C/5  .5 


° *°  « 

— C8  « 

t/j  q,2 


i _ .5  .2  *> 

a>  ^ c w . — 1 cn 

Jr  oo  o — m T3  “ 

. £ « 2 1 H I “ 


O^Ooi^ 
■ 1 


o CO 


~ « V- 


o s St  » s E 

00  ‘.X  CO  9)  £ •“  “ • 

; E 

■ j3  e o e 2 2 

...  _ _ 1 "f13  s 

»ttjC2D„2*'"  '2 

.1  g^  B“  s. 

-i:rT2isg  = S^ 
e = .2  = ?-«;!?  o'-  s 

--0Dbi5u«?O>  ,u 


£ to  2 CD  "O  0*0—  C N C 


! g « T3  - £ O O 

< g « £ S .1  .S  a 

z-I  |-|o'l a-; 

<>£coe0*OO  — 

; =>yo.2ai 

^asl«-  gf  g “ 

'-''eoeoO.icSTD 

•otu-a-o-'-ija) 

S « so'l  g c-S-s 

C 4>  ^ 'J  *5  0*0) 

««Eo'i-*y  = 

*"»  C 3 ® "S  8 — «* 

O m C , ajr-rs-yOO 

^S.s'sigsj" 
ssssta-o^u 
■S&eagfifegfi 
8 » « £ -g  3 .£ 

£M“Sia2  = 0^ 

S^OC^E^—X) 

«-*o,o,"£’£so  — 
° 4>  » « a .8  a'o 
2 c > •£  <u  « *>  .2  "£ 

= '"  -s  2 fe  T p 


CO  ■- 

6 | 


- _ E8  = --{ 

Jig 

£ i-2  § S > 2 5 E 

€ -I  2 8 5 1 1 § 

ar  o ® E w ■;  y ® '*- 

o|  c S’  £*|| 

Jr  Q v *C  O'  Q 

is^55r»? 


2 Hxi 


. M tfl  (A  U (1  r» 

J « .•=  v a c g *5 
^ a.  S 175  cd  C 


co 

uj 

K 

T 

g 

S 

UJ 

O 

ft: 

£ 

O 

co 

>■" 

ft. 

ft. 

Co 

ft: 

uj 

T 

=fc 

Q 

uj 

to 

O 

ft. 

O 

ft: 

ft. 

uj 

5: 


CB  u 00  C 00  ZT 

^ o c o c ^ 

o co  o rz  S « 

C C 3 3 — 

fc  -p  > -O 

•2  « 2 a>  L 

2 ‘Z  a - 

5 4)  " 


•o  ^ 


- e £ 

<_  > g 2 2 c 

— a:  2 o.  ’*■  u. 

in'll 

2 1 S o 1 1 

c . EP  -Q  > ^ 

2 5!  fe  2 

» 1 £ 5 1 S 

“ - oc  f M 

t T3  in  D. 

£ « ■“  4)  4)  C 

“ o •-  ■£  O - 
Sji2|g 

; < t - - ° 

£ 2?  S | >•  c 

EgJn.? 

ts  & i.  o j:  *» 


S S2  '5 
2JJ.I 

y Q ea 

s*1  s 

e *.  . 

";§ 
O --  .- 
X X ^ 

"5.sp 

■o  c • - 

.2  | E 


o o g 

a "0  ®- 
£ ffl  o 
3 2>  c 


!=  « W 2 
r-  *•.  ra 


E £ . 

£ 03  co 
T3  4 .* 

cr> 

«.  « £ 


« — 

sal 
0)  «- 


^2  5 ^ g 2 

C ^ O CO  3 


QJ  4> 


- « 3 

x r o 

. 

— S § •o 
Es|ast 

« s* < S s. 

£ £ •=  B “ 9 

£ 2 >•  •=  -•"  O 


•E  o.  a 

| 

^ > 2 
3 - £ 

o ® ■£ 
o xj 
O «-  J- 


O U ^ 4)  ^ 

3i?>i 
Kc  u#:2 


*fs 

° ® S 

>,,0  ^ 
g <N 

> C T3 

. .2P  C 

.—  tn  CO 


-£<-■-  ■ i 3 £ 

&I--S  £l“ 

£ I ■•=  ■"  t i « -s  £ 
<lseE=£*'“2 
Ct:£iCf =; 
t«~oE“ 

: T)  in'-  f £ — c c 

5 £ll 

gl-5  &&S±  g* 

i§KSS»a?-: 

^o-u:  Eg  |-6  g 

2 « •> 


- CD 
TJ  O 
V O 
«q  m 


<l»  w.  t:  *c 
)—  C O _ 4> 
T3  4;  e £ U 


_ ■o  .2-2  £ 

‘,'o’“  “ S'dn  — a 

3£5S 

2“.?o  » o S s ; 

»Sa„g‘S.t&E 

— ♦-  £ o •- 

CO  m.  CJ  c cn  *0  *£ 
u 4J  M 4)  * ■-  41  C 

■5  — cC  * » U c o 
S.'S  a ® ^ a g e g 

aE“^«gs:.2S: 

a i o ^ uo  "o 

■a^-5—  - — 2 

co*-  £ 4J  ® o u C 
o.w.’O^-^u-caO 
5^,0  o s o <u  ■-  u 
rn^«*.  c C1--  w*D 

0 "'s  - 8^*'-S  “ 

C«'"’3uco-o£J) 

•=  .2  « O T3  •=  g P 

1 i " 5 5 f o a : 

?ts  6 is  ~!*S 

^a«a£,^«  i_co 

Eo"J.So  . O a 
S11  » " ;2  c ! 

rE  » £ is  ■o  ? oc 

S:  - S =‘i  a i ci.'5  S 

, S'S|«‘=£SS? 

•Sal-Eo.SCJaJ 


o 


* 


-e 

N- 


•-  a 


e?  J 

.2  •«■£ 

6£ 

«-  0) 


00  c 

•II 

1 £ «n 
» « 00 


£ co 


EiS2«§2 

O'Of  00  £ -2  a 
£ S “ C ,0  O a 

ee'H.so 
“ 6 .2  >.  11  i “ 
c t>  ^ e x ^ 

3 o g-  ^ 13  ^ 
a-S  ' P £ J 2 2 

•;  a C-  £ « O g 

B"3>«“sd0“ 

o — c 2 1 7 a >, 


“"soag 

E S » ■o  c #“  « 

C.!£ni-ru4J-£ 

3 T3  £■£  0.2  c 2^ 

Sosas’0  --^J2 

■SfsSoSo.5 

>*>»«-  cr>  t — 5P 
— ■X)U-<‘-  C Q m CO 

Ipsw-SSSe, 

;.aSg«s»|3<$ 

;2ru“5r0|g= 

~ « e « ! E . ;i 

' 0)  — CO  2 *3  CO  ^ 

£-Ss|^l  §-  § 
!1|8EB1SS|, 
i^i§El.i:S$l-' 

• ES<^fo 
« E £ « w «-S 
2 « < § 0*0  0^5  „ 

<*-  CO.-  cd  « C «2  2 

’ 5 0 ^ > 2 ; : 

- Q <n  y-<^  O4CO0 

§2i  § s“-^  ^ ■s 

4)  .—  CO  t:  U a> 

g g..S  £ £>  £ 

00  ® o . — «2  a 9 r v*— 

£ a™  e-pp  a-Six  o 


..  4)  cd  *».  4)  4)  u £ j,  ^ 1 

ill  i °-£f  = =' 

S°X  E -O  c « 

o *>  5 ft«  *■'  o .E  "z,  •■"  w 

coO^b  O.®  — ; E*» 

<—  r-  «S  LL  e - o __ 


Q- 214 


i 


z © — 
O ^ “ 


U N 
0>  ‘e 

a E 
° c 
o £ 
c o 
— 

^ c 

OS 

ra 

*o  4> 

O x> 

>> 

o — 

5 * 

a 

OS  c n 

■D  Z 
o < 


ISoSiSJgS.S  'SJS> 

S^SEi'ri  5a  ■ O 2 > 
5^aS!*5-.5»SPJ's  O" 


V 0)  « . 

2 -c  X)  co  C - - 

«>H>l.Ot=a>aE0!rw^eOl*J 
5 .^=g^*oJ*o.2cco-S-Z 
. ®s  .2_co*3t'>oa>noc3^i 
» » « S «•■=  8 ? o C'S  2 ?SP^ 
^|»£55  „ *•  8 £ 8 2 .£  ~ ‘s 
cc£'o-5JiSio>?!£1m'£^ 

3o  = =i«>'='£I'u“=“-0:: 

»oiioEi;«Ti»'S5'-'cEu 
C!rj3 

CT.S2  2 g — u«  c-wi.2 

Is  |I!%-2iS«5^_ 


5 It:  Q — 


« .2  as 
c *-  *" 

<3.2 


~ as 


E f = & “ I 

--  ^ O’  o C U 


■£  " E 0 5Cj.Su 


CJ  o c 
J=  <—  ■“ 

t:  o 


00  ' 


C v 

2 o £ 


= M° 
OS  ~ co 


§|  Z 
£ * 2 
°?5 

>*!:  E 

« as  e 

f 22 

o c > 
V o c 

O OS 


3 r “ C C - i: 
o .r  - a)  •-  c <n 
^ « E « ^ n 

^M(-5-K5i:«0c>ca£5 

?1SM'1sM«8|!S|t 

l^ii!:i|El=s£g3tf? 

o':  o " o o 

^ g E'O'5,2 

wS  <_  ».  ^ w «)  c?  f i 

4>  <—  o «-  7;  Jt:  • - d.  2: 

* *■  o as  71  ^ w.  7;  r- — • -i  v — CN 

SS  c = - 

““-e"SQ8-«7!Qg£€:r- 
“■«  2 5P-, - 3 t3  E C « . .E  £ 

s.isf I|-§!ll|§"~  “ 

«?e30>©>2£>4>—  t 
^-jc«d)jr,o2.eoCj:c 


J .2  £ _ 

O (5  JJ  m *tj 

00  Jr  x>  ‘ 


o -2 
Z E 


sli 


Q,  CO 

E = 


tfN 

% 


TT 


— J= 

C *” 

Qj  00  OS 

_ Ss-S.s 

?S;S« 
..  so5  » 

■g  SS  E ■ 

C — *N  ■“ 

•f  2 S o 2 

u*  4>  2?  « 

■°  ? -S  2 

as 


« 73  P 

| - E 

CO  — 

•o  « 


>>  » 


■O 

c tr>  O 


3 « « ^ 
O J=  JD  ^ V 


S 


£ ■£  v£ 

0 esc  .y 

§|z 

“is 

ill 

1 S« 

o -2  H 

»-  a> 
> 3 E 

coo 

« *e  *5. 


£> 


JD  *'*  as  rr 

as  U E ° 

- J;  t4  t E 

© JC  S OS  O 

* - £ £ 


- x:  Q. 
o ^ a 

- Os  3 
*-  -C  00 


O 

a ■£  co 


C C 3 


C <l> 

s€Si 


O-  O *5  •- 

a>  co  co  Q 
_ c 

5s  w c5 

a®  j= 
o-2 


a>  a>  ' 


oj;  g £ si 


— a>  *5 

a > 


a>  o 
> ~ 


_ 4* 

3I 

O ^ 


'15 

C - 

o 


E § 


L 


* • U « Q 

— 5 _ «i  CB 

> a c S a = 

c £ ° 2 E 

4>  - . M .=  £ 


0 »2  w ^ 

4>  O ^ *~ 
«-  CO  — ^ 

c c - jk: 

.2  .1  c S 

W fO  O' 
c .t:  ^3  • 

1 u 2 O 

0 o « ^ 

•Eg  | ^ 

. o u o: 

• " ^ u: 

1 ^ 2 O 
c o = o 
„ a o ^ 
= ° ■£ 

3 a £ - 
C « > £ 
= ■£  - E 

•“  c c E 

• ° £ 8 

00  zr 

C c W *o 

4;  •-  ^ c 
a)  co  c ® 
ir  4>  « > 

an5 

"’5t> 

_ a> 


E * S =5 


2ft 

•^'0 


coo 
O ^ - 


~ T3 
w as 

O 3 
« C 

2‘i 

Q O 


£ 4» 
^ X> 

£ 2 


>v<~  >,  - ^ u CO  _ 

7T°—  r-eoas't.E 

qCqOJ^mOO 

5-03^0^ 

« ‘*3  CO  ^ ^ 

& 2 5>£  sf  S“ 

5 2 g . • 2 | O £ 
^a^'-'oEc  — 

2*c  4>-^S  a “ o 
c > as  3 a.E  — 

g o ot  £ "1  2 « § 

Sz 

&e»?e'548 
E <!  ? S 5 J > J 


E S 


- o ;•"  — 

as  2^2 
- o c “ 


CO  ^ 


3 ■£  £ 00  « 3 

cr  w o.  '5  c 

^ S c "S  " ! 

t;  « g 2 O 5.  1 

"Z  00  w 


*-  as  3 .J2  •= 

co  «—  .O  >» 

*=  Z T3  u- 
^ «o  3 eo  Q as  • - 
s a,  o s E 

u - cl  - f « « -a 

.i  s u.;  ?=  ^ 
g . “so  = *£££“ 

.2  00  Ca>'OC^'l“tjS' 

orn^«s'5JJ-o 

15 


E» 

c -J 

as  •—  "3 

I'i  e 

E 2 £ 
» 3 E. 
5 “ -D 
'So 

i “ “ 

as  2 o 
t 3 v 
<0  o ^ 

•E  I -5 


O Z)  ' — ' - c 

|<T  s|u  S'll 
?dSi“z“5| 

“■>  '>  o < ««  E 

rsf^jg 

E <0  " „ ^ 

“ 4s  j:  X jz  X - 
^ - £ * 


II 


3 S 

JZ 

I- 


i C 


Si  o ■D 
— 5;  c 

« X)  aj 


’ o •- 
5 o cc 


X UJ 
<1 1 

S'*-  ^ 

S O °= 

^ 5 

ggS 

5:  g o 
^ r ^ 

h *"  ^ 

*"  hJ  Q 
Uj  Si  > 

T H 

o i is 

a: 

®0  Ul  Ui 
K aa 

3 «o  s 
Ss  -T  ■*• 
tOS*s  Q 

§|S 

52^  I? 

to  ^ t 

t Eg 
5St 

Okt. 


Q T ^ 

S a:  kj 
toiS 


> 2 s « « • £ 8 42% 

2 z i i 8 8 £ t 


^ <n  5 

£ to  o 


S?' 
c CO  2 W 

O co  4S  j- 

*5  .2  o .2  ‘ 

® L.  D U. 

r 4)  w ,. 


i *-  2 i *1  - 


fc-  _ 

o ^ 


> ^ ► 

. w < 

1 eH 

? O d 

_ z 

eo  < 


C co  CD  ^ U 

.2  os  w C 15 

.«£  > "O  so  > 

g - S E 5 

a E » E ™ 

^ as  o u. 


o C 


i 4>  j:  3 

co  « -O  ^3 
r - 2 o 


S®  = _ 

3 «s  * 

S E^ 

o c 
■£  0 


4>  .2  -5  T3  J: 

l^?ss 

TT  C ^ as 

T3 


as  o 


■=  o ■O  O • 


“ S & a 

e » s £ 

§r^s' 

«S  O y 4S 

u £ d k 

" o z oj 

«a<E 

•o  «—  3 

“ c O E 
.E  eo  — — 


: z “ 
;:>  < 
! I S 

1 00  ^ 
! C -O 


co  00  co  _, 

c cr  2 

O '£ 

'Z  C 

2 > £ •=  £ 
S £ o « .. 


o £ ^ 

B U 
Q.  OS 

Et  u 

- *>  c 

?sa 
£ £ ' 
II  : 

»-  .t:  ■o 
•“  > £ 


— ^ as 


c ^ 

I oi 

£u: 


eP 

a 


TO  ^ . k. 

— c C C > w CO 


TO  00 

as  to  .E 


4S  £ 


as  as  q 


- « ^ S g 


as  *o  c 


c >, 
to  t; 

E > 


E B “ ® o. 


E o 


c >S  «. 

E2oE 
. c *■»  .as 
^ to  c £ 

DE.r 

■o  = 


k TJ  •“ 
, £ O 


' O >,> 

• >.X) 

‘ -2 

> CL  © £ > g 

i «j  g S g § 

I — o 2 *D  t < 

2-  E-  2«' 

ST  2 >>  S . ' 


— *a  as 


0.2  2 


2 a 
= E 
6 £ 
ei  u 


3 £ 

g T3 

I 2 

^ o 
v a> 


1 k «, 

n r-  OS 


2 — c eo  eo 

3 r O -S  as 


■£  2 •=  « -5 


a E 5 


*-  «o*  S © 


“ - W C 00 

to  w.  as  Z 'p 

J=  O £ c fc 

w 'o-  O 

c £ ° ^ .2 


00 


Cj  TO 


.£  5 t;  ® 2 


’ 4S 

> O E 

s o as 
j — o 


= E 


< «. 

Ol.  jC, 

W - p ^ 

ti  OS 
< >2  £ - ■ 
O *C  .5  .E  i 

d = 2 2 ' 

7 o c 

< s £■  'f ' 
“i  E 
i>  : 


£>  > 

2 ” 

•P  CO 


>>  E = 


&ss 


SEr'jf 


■ S.i 

«o  c/5 


« £ Sr 


S x 


; s js 
' 3 S 

; I < 


* 4S  C ^ 

^ E c 4S 

CO  g ’5  £ 

r;  -c  2 *-  o 

£ o .t:  c w 

U P > m ■D 

<3!  i £ E £ 


^30 

. E£ 
"S  £ 3' 

o E 

Q.  os  O 
£ TO  J= 

D.  to  ^ 


o 2 
Z c 
w ' — 


OS  *0 
Q.  — 

° ^ 
OS 

.E  T5 
E S 


it 


Os 


*2  — ^ — 


as 


.r  q/  ^ 

= 2 


« as  as  ' 

> •‘i  u u 

i£s£ 

^ 3 O 

as  P c 


«o  = ““g::i 

= 5il  sj-.s 


T3  c p 2 

1 0 - 0 = 

fl»»< 


o 15 


« £ - S 


C c 


as 

•a  .2  = 5 « 00  « , 

= o o g S£  J2  I 

O 3 E m o “■ 

0 “ a „o£  « 

bZ  , •=  O 


•'T  — W CO 

O -C  «o  CO 
4>  — S 

£^o 


O 

r?  o 


O 5 _ W 

c as  to  w — 

- " .*-  aJ  ■ 

. w "as  E 


£ £ , 
o *H  i 

C”  c 
as  o 


as  ^ 
o -c 
o w 


..  ® to  «S  E 

yCjD»-_ 

CtpsOeO-- 

E ^ O v-  TO 

O OS  >'4>o  — 
on  ^ OS  eg  O P 

— <*.  >Z-E- 

CD  O TO  TO  -C  2 
X u Q 

•p  •?  ^ O « ' 

i’i « s a- 

In  •“  ._  <0  ^ 


■ > T3 


1 O 4S 

£ -2 
o 

C TO 
C “ 


C CO  m *• 

£ B .2  -o  >,-5  d d <? 
ood  - » u • J ■; 

1 I 3 > £ > « ' 


■o  <3  > C3 

■o  .E 


r - r cj 

Q ra  Q ^ 


» I ! 


Q-215 


Win  Green 

Win  Green  june  30,  1987 

June  30,  1987  page  13 

Page  12 


Si 


— a eo  rn  C/5  eo 

7Z  ■—  iij 


* s 
< 

Cl 

W 


« 2 
E 


u . 
O o 
a.  >- 

X,  c - « 3 


~ CO  C "O  * . 
eo  ’Z  — sj  4)  — 


•—  *09 


c £ 
« -o 


4)'  2 

Oj  S 

£ 00  U 
OJ  c o 
.c  V « 

~ j= 

g'K 

.2  «;  Z . 

« Ipi 

C T3  fc 
1 .£ 


O * 
< « 

t 'S 

§■  | 

n 

g E 


O C/5 

•3» 


c 0 >2. 
ec  'T'  c% 
a>  « tt 
u m 

o c — 

4>  O 

l'€ 

U.  4)  C/5 

° £>  U 


&s< 

O X)  .£ 


w 4, 

2 •-  0 

” 00  t> 


!*« 

75  O E 

E 

O C 4) 


5 


■S-2  ? o 


eo  O 
> ~ 
V T3 


O £ 


W <N 
„ O 
— ■'T 
a> 

f I- 


2 ;o 
a>  '5 

on  ^ OO 

S g x: 

« S o 

^ « s 


£ O’ 
4) 

U ^ 


= a * = £ 


J=  3 ’Z. 
“ “■£ 


< 

0- 

: *•£  UJ 


-c 
o o 
•v  .2 


4)  4}  ' 

-C  O 

* O 


a>  .2  £ « 
"c  o 3,  a 
5i:  s E 
•?  6 E 


c .2 
- 0 « 
<=  — X 

2 c — 
.ago 

fc  I -5 

355  - 

£ -H.  £ 

fig  I 

eo  o 
c c 


c — 

CO  C 
4)  £ 

§ £ 
4>  C/3 

J=  U) 

D 
Si  °- 

3 z 


.z  *2  £ ts 


« Z .E  « 


■•=£  & S g 


•—  > 

4)  £ - & 
•O  £ -D  g 

*3  £ *3  4) 

00  X 00  o. 


o — 
.2  4) 

■D  X> 


a .. 

2 * j=  • 


p r-  ^ 

E « ^ 

< Cl 
c - * • 


I rz  So  E . 


II 


Q.  a 
« .£ 

o £ 
c « 


I g 

lls 

4)  « — 
M f , 

o U W. 


u.  4> 


«ffl  O 

CO  O N 

co  — — 

00  E 2 

•E  « 1 

rz  00 

<0  oc 


4»  p 

; rr  od  = 

4>  O 4> 

,,E;« 

•£  •-  a «■ 
■o 

4>  V „ « 

1 ?|l 

^ ^ c 

“ 8fl:! 

• 4>  c 2 

• C o , 


5;  I 

•5  o 

t CD 

oc  o 
® .£ 
2 4J  ' 


3^ 
“ 6 


— « — 
U 4)  4> 

® p e 

g cS  0 


3 

4>  i 


00 


2 o 

3 U“ 

- -o 


^ CD  £ 


a E 
S*5 

O T3 


" « O 
■O  .2  o 
4>  "O 

•3  ■£ 

CT  S “ 

4/  3 «_ 

.r  o 


■ ° ^ 
l = :5 

< c 


* o _ 

rt  o 

C 4)--^ 

% *-  z ci 

i « s 2 

J£  a-E  glls 

■ill*:!- 
2 « 
eSsO 

.2  o “ ^ 

*0  .2  3 m 
co  "O  O.  m 


C C £ 

o o £ 
■-  o o 
2 >•  » 
„ 4) 

5.2  £ 

“ o “ 
05  4)  * 


2 ^ 


.=  T3  i_  T3  — ^ 


O CO 


fi 

CD 


v>  6 00  4 ^ >> 

3 CD  ^ ^ -Z  2 .0  O 

C .E  *5  '*c  2 «!)*"  .5  (3 

« 2 ~ . *>  _ 

> a "O  £ i)«jf  .“ 

“Se3£uh" 

| g g * to 

€ 8 JS  'S  D 


5 « • 3 

: £ -i  -C3 
■ CO  4> 

> 4>  C *2 

: CC  rj  c 
i > ^ ot 

If!  1 

« •£  ■o  ■ 

«P  rn  O 
«*  •£> 
■;2o  , 

>,  C 1 

ca  ^ c 

rn  « 4)  t 1 

w o ^ u 

g Sf  <■ 

pis; 

.sill 

<r-  O co  _ 

= >U2 


.5  8 a 

3 E £ 

Q<  - 


•—  CO 

5 


4>  .= 

00  *- 
t_  4> 


fi  u C 

1/i  2 4> 
— 2 o 
W g 0 

Qgc 

DC  *o  < 


E 

1 t 


III 
.*«  s 

■O  3 £. 


.SO  & 
set 

*-  j:  — 

< 4>  c 
CD  ^ 


^ 03  . 

2 a‘ 


CO  n 

o 3 ' 

Q co 


•n  O ’ OO  c 
*■*  >.  C JZ 
c 4,  « H 
o ■=  CO  3 
s -•£  C D • 

2 S £ ■ 
c O 5 . _• 

° - E * 5 

c o ;«  00  “ 

o .3  = 
c .2  E 

i.fst 

< - C/5  , CD 

• -5  “ 1C  ! 

• C V)  i i 

S«l'f 

• o 6 DC  CO 

1 o x:  ^ "o 

o 2 * • o 3 
S u o 
: ■a  u.  c c ^ 

0 4/  o :-  « 

, *-  ^ ^ «o 

1 g C cc  s 3 

•-5-2.E  < o 

! a ™ .2 

: „ 3 * .c  4> 
> .2  o 4>  ~ ^ 
’ — •-  4>  JZ  C 
] CO  O «C  ~ 4» 

j*  « ^ ^ S' 

;u*g°^S 

p CO  5J  4>  4> 

; J 5b  « 2 E 

1 2 o '—  o 

1 CD  i 4>  a,  co 


E .2 


>9  J=  3 4)  r 

*;!.§& 
C O C c- 

0 « 3 eo 

- 4)  C g -= 

1 1 1 E | 

"■ass: 

<—  > 4>  • ^ 

O eo  T3  . - 


<*.  "D 

» £ 
-e 

1—  75 


= 2 
u £ 


E 

2 

0 -«r  4 E 

t £ = c -S 

c-Jcef 
a c * .2  g 5 

2 s E u 

5 E I S = - 

2-i  g i 75 

.r  o c £ £ o 

o u O p «.  -5 

E Jr  £ ■O  ^ x: 

C - c C O a 

c c k s = . 


>9  - « Z T 

> © « T3  •- 

5S«|S 

3 3 «o  a 4/ 

2 c « XI  « 

Q.  4,  C 4) 

.y  £ • 4>  g 

f g?  % 8- 

I!“2i: 

gT3  “ 82' 

2 =-ofc  g 

s«.  g.*: 

mil 

I till 

4)  O 3 ^3  " 
4/  CD  C ^ 
£ c .2  ® 
Co  c IS 
c m — w C 

- S - .2  = 
8EgS:| 

2 M O 

.S  o a'co  o 


— a 

03 

* *6 


■S° 

a E 

ii 


U1 

n 


•S  00 
p c 

4J  'Z 
— 2 
2 c 

.-=  I 


V CO 
3 C 


C — 

-Be 


P O 


.2  o 
8 « 


£ I 

i- 

o 

i: 

Q 

1*1 

s 

a: 

uj 

Ul 

Q 

>. 

Q 

T 

hj 

DC 

T 

T 

5 

U] 

fc 

0: 

o 

m 

0: 

T 

G 

to 

Q 

T 

UJ 

0 S 

1 S: 

G T 


t;  5 
~ J w 
3 ; » 

Cv  ■a  t« 
■■  ’>  u 
|2D 
•S  Goc 


Q .£, 


: 'w  ~ 

■ oc  X 


a >.  3 

Jr  -o  O' 

b!  S « 

<5  5- 

§12 

u 3 — 

£ Q Z 

w 2 2 


-3 


“ £ E 


— v v a £ 

3 £ £ 


X * ' 


O g 


•=  £ 75  “ 


- «>  *o  »—  ■o  * . 
^ O 4>  O c 'T' 

-•^v"«T2*-e85 
g .SEc^.E"- 

1 ¥ I r s s 1 * IgS 

O C 4>  — .*z 
U.  o fi  ta  h. 
U *>  D. 

£>.«««  Sj.'133  o c 

- « s Jr  *z  ■£  4>  ir» 


: *8  2 

■ ■*=  X) 


- E 


hi 

■2  ■S 

8 8 c e 
■raj” 
G » < 


5 j « c e ® eQu‘ 

c ■ - x E ox  t^p*  — 

= P CO  •“  — 

C 4)  2 

o 4"  ^ 


i CM 


1 i a * a a g "2  .2  So 

2 i-s«  gJ!f£«S! 

i-SJioEoiQ.E.,* 


0«  C “ 53  ~ S — o 

g.E-c  § £■£  °'-5  S S 

•!  3 S -o  S 8 I C “ .S  „ 0 

5 O.St  Pu  5 .£  C S c 

X -B  E „ O s c £ -o  S 13  .2  B g 

®0  UO*E--4)C0«  E 

oJwooocSoHX’umWE 
g£t:S2i=t:y£2c  = o 
2.^  xx«  — >,  o «5  -c  5 b 0 


x <0  o 
c ^ 
o:.2 
g 2 £ 

■S  &■= 

c *0  u 

S5 

E«o 

0c  to  — 
c > 
o ~ a c 

sais 

g S .2 
■5  *> 

V o £ 

? oh 


§OD  1 
.= 

o-5  2 
O 2 £ 

<*  » “' 

2 1 

w E 


•—  «Pi  w t>  u 3 1; 

Hu!S«SCOc-* 
0 H -2  c P “ o E g»  2 
nQ  3 .f*Z&E.Io 
go„ee..  ;8sp 


CO  <S)  w 3 E 

il-Il  ! ^3|5S 


■o  £ ■o  .s  x 

41  U u 

w - W - - *0  -2  OX=  c' 

-_iio  £ O»>5013  On  3 

“c»S"E2«,SSa 


2 2?  — 


00  -6 


: c/5 


•-  S D 
•u  --  -^ 

^ 73 
O a> 
U D r 
U D Z. 
cn 


X g .2  s J,  **  o 
C e S 3 8 5 

a ° w C « 

CO  'Zx%2c,ZIc4>X^m 

g « “?E1'o»£  ° 
£o*xcSc-S" 


•O  S C K 
C *•=  v 

— t « co  ^.= 
X)  4>  ^3  - 2*  — 


C i-  o .2  4>  _ 
3 a u.  *o  Q.’V 


; ix 


- o 


alii 


4>  C 2 «— 

O o S 0 

EB58 

« S 

-.B  o § 
g x c B 
S H .0  t> 

O Z 4> 

Lu  eo  «« 

n 5 
-fiS  5b -o 

— 45  3 

•So  - c- 

O • 4>  C 

fS3.l  s 

S3  E 0 


a 

.5  r*i 


« « 


4>  4) 


< *o 

4>  4) 

fc-  *0  P 
C O 

0 « £ N 

3*  .5  S 


•5  E 


4>  C 4>  3 

.2  £ .E  00 

— — 'w 


4)  - 

8, 


3 o 
3 o 
00  4> 


■On 


"O 

co  UJ 

— "o  2 o 9 
O to  co  c/5  CD  DC 


> > ' 
; » « 
O S 2 


2 - S o 
o E - 


ca  3 *- 

O O'*" 
- 4»  <rr 


o «3  2 c 2 

“ J W « « w 

i^an 

t o 0 — 

“ 1 ° £ i I 

- 1 1 « 8 ! 
© 2 G>  C ^ Z 
C -2  « *>  j.  c 
" E - o 

aslsig 

CO  © 3 CO  co 

£ O 3 a c Q 

2 E S>  £ .2  E 

S « x 5 ’•= 

u Ext  53  2 

o « O Q c 

o .8  ” o t> 

r o u J - E 
E „ x « =•  = 
£S«rS 

r g.s  ..•> 

« O o.E  5 c 

UJ  1—  e id  ^ 
Q c .2  . o £ 

CU  o C/5  1- 

7 N Ci4) 

g § s ® = -g 

■»  i £,£  1 V 

c 5)  ? ^ N N 

O ■;  CO  4)  u r 

'Z  c *©  w E 

o O y c 3 c 
« 0.2  a a-= 

co  4)  o'  2 


^ T3 

— 4) 
^ 2 


Z v 
eo  q. 


jt  55SS 

^ s < 2 - 

<00  . £ 

u.  _ O.  —^X 

o C o £ a ‘S 
a £ c;  cj 
» « .2  ?,  « £ 
c * s - a o 
™ « “«» < t 

— £ 3 r ; ^ x 

u e u.  o * 

yMg^n- 
£ £ aD  > 8 


x £ “ 

elS 

8sS 

“ x (N 

— 3 

75  "o*01 

£ 2 q/ 

5.5^ 

CO  -O  U 
O — x> 
q.  o m 

o.s , 


5B  g 

CT  eo  — 
- * § 

2 >>U 

eo  .Z 
* « § 

• 3 -z 

• a 3 

■ 5 o 

£ eo  Cl. 

4) 

00  4)  — 

i|S 

.—  <0  ^ 
>u 

co  eo  U- 
£ 4J  4> 

fc-  ^ £ 

3 4)  — 
2^0 
4>  V *- 

X r 
4)  CO  Z 

8 2 | 
u D t: 
s a.  3 

co  CO  Cl 


• *0  Z ^5 

•ft  r O — 
(n  flxai 

- „ t o 
rSfK 
« -c  * 

^ re> 

«:SSi 

S“S° 

G o c - 

0 c .2  2 
S.o  n S 
.!  « 5 E 
t = ® » 

* 5 * a 

g B - c 

4)  eo  t ea 
00-  J o 

1 ||l 

* g |-» 

“•Si* 

z c •» 
V « 75  ■- 


- i £ o 
£ a o < 

s Ei  . 

1 o £ 
= o - « 

» 2 

< » g 

| S ? S 

W « - (j 


) w « O 

its 


Q- 216 


ol 

Vo 


c — 

4) 

£ © 

On“ 

_ 4)  4) 

c c oo 

*3£ 


£ fl<r 


. „ _ _ - 4>  .2 

i £ 2 .2  £ 2 3 S 


K 4)  4J  iJ  « 

4>  O > ^ X 

« 4>  co  3 

s * * » " 

i!s  o-D 


00  ^ 3 
C , O 9 

•o 


0)  ' 


!!___ 

3 3 = 

si?!'? 

* e c 
.3  8 u-o 
<u  ~ -°  e p 

- TJ  — « .o 
> - J « 

® ^ 44 

U T3  °°  x 

„2gS' 
S o ■“  g.  S 
| =■  o I i 

^ ^ 3 — 

eo  _r 


C 8 >>  — k.Ck. 

— *o  3 o « a 

% a 2 W ; £ « 

* o’c^ 

n u *3  C 

= A •-  c 


3 


5 e 


IE 


3 &■ 

EO 

Cr- 


X s 


! — T3 
; — e 

_ * “ 
w -2  c 


z e 


4»  E 

-2^ 
W o o 

ffl  CD  -C 


•a  , 

g § 

£ -o 

§0.0 


n “)  ».  t — • 

2 £ -5  w ° ■ 

“ '5  o - c 

c;  J c ii  = 

5 S * o-  2 

Q c | | I 

■a  " 3 “ « 

4*  32  — < ■£ 


5ffl  O 2 


w 03 

.«  a 

O *T3 


S ~ £ 


O e ^ 

2 ps 

■o  E — 

•O  c <**> 
eo  o 

.2  .s  a: 
•£  c u.; 
«>  ® u 
g S o 

5 - ^ 

*>  e 

’ -O  eo  * . 

; — > «o 


E C 


a 5 

•M 


06  E 


4,  3 © 

- ^ £ C 

; — eo  « o 

: I sa  | a 
aw. a 3 

O Q “ co 

£*  8£ 


— <—  3 3 2 
3 o rr  i < ^ 


E E 

£ c 
o o 
u • - 

c I ■ 

CO  k. 

*£ 


- --  -E  ° 


C o c i <D 


% s 


g 

to  O 
kj  O 

b§ 

bl  T 

5 bj 
T L 
O a: 

UJ  b5 


3 % 
§o 

r ^ 

6i2 

1 § 

T '- 
to  *J 
Li)  T 

-J  bl 

it 

tit 

T Si  !j 

Q § Q 

2 4 u- 
‘ok« 

^ g £ 

w S3  55 

oj  O > 

g«I 

f-  Q 


v S 5 o 
i»!c' 
2 ■£  ? £ 


-S 


v V in  ^ 

“5=2 

2e52 

11  sS 

°(-  a «»< 

•5  --  “i 

aj  "5  b- 

S o c U 

HI- 


C 00 
4)  o 


06 
s u: 

• u 

• o 

• 

JC  ^ 

5 rtV 

£ *P  O .t! 

> ^ t ■- 

c r 


£ - t;  <0 
4>  .*3  ‘a» 

•£  * £ c 

« “ I 

t - X D 

•O  g 8 5 

4)  ^ 4>  co 

E i.  #5 
S«E,5  «. 


4>  TJ 
£ .2 


?!  i^s 

o o c 

i i a o ^ 

a c •£  2 

§ s i 

k *r:  c £ 

4)  2 •-  O 
u C « c 

u.  E w £ 

c oo  « 

. Q G CSJ 

00  > g c 
g 4>  O 4> 
jz  >*2 
o *3  «o  *r 
„ .2  o i 

ill's 

sjs  _*§ 

c = § ■£ 
“ " < 2 
— “ c _ 

gsj.s- 

£ g ^ g ■ 

& |sS 

« 2 -2  •> 


* 

E 

c 


C &S 

a c ^ 


ul  'O 

S) 


00  C 
— * 


O-TJ  O *S 
4>  4)  4>  4>  “ 


” i:  X)  — 

C eo  <0 

4>  oo  C c 

E ” I | 
« “ £ 
£.2 

r « « > 

*'  « 2 « . 


2 r 8.  = 'n 

a ® .2  o i 

» .E  ‘D  -c  ' 

s = 

eo  •—  E 

4>  — eo 

*2  *r* 


— ±_  O 

60  r « ! 

O « C 


- o 
2 o ^ ^ 
5-sjS 

U _ (J 
2 2 = 2 
o - .2  i 

C «-  C 

eO«o 

.—  Cl  O O ■—  U D.  O 


^ - S)  « C4  « 


£ o - 


e 

° -»C 
0 0 2-“ 
S - o 

£—^30 

«J  e C '5 
£ g u.  & 
><2  O « 


c t;  O .$•■= 


c •-  r ; 

« - « •>£  c 


fi  » 

E 5 5 

•“  4)  0> 

5^1 

- 3 O 

02 


E 


“ f £ E 

- e | i 

« o gw 
ei-;U 

o I.  > Q 

E £ 5 £ 

E i ,z 

o J T3  C! 

4>  •-  eo 
„ 4>  3 *- 
3 50  00  'O 
.2  {2 
> ir  o 

4)  £ ^ .« 

a 5 o o 

^06  £ 

gi2  =jg 

° Q ~ - 


o too? 

.t  #14  £>\  c 


^ a.  4) 

o a S 

■i|  I 

E 3 3 

4>  w m 

a c c 

0.0  4> 

2 - E 

« £ E 

£ i s 

■=  b a> 

. o si 

o — 

o 


; o-  8 

r *-  -o  2 

! -5  E - 


5 g -S  =3 

if  -S  S ? 

. E o £ 

3 o S 


» s'S 

g E S 
■SgS 
— . #> 
e M 5 
C <a  — 

3=  s 

S2.8 

s, 

c E < 

o o <_ 

a*  2 
£ 2 » 
E 5 E 

E-J  S 


*s 


u. 

JL 


.2  2 c" 
> .2  v 
v o £ 

o o O 


B.  - t- 

z H ° 

c = ? 
, « u.  -- 

5"=  £ S 

52  E E 
E ji  E 
2 o x © 
2 >,Q  2 

to  O ^ 

— Si  S>«° 

U 00  Jj'o 

eo  j — 

a ^ J . 

Ec  m 

o £ 

iPg 

C o co  >, 

E ± 5 g 

if"5* 

• — 4>  ' 

> e S c 

C £ 4)  O 

4>  5 c ‘z 

u « ° 
C -r  ffl  £ 
eo  ^ O 
■D  W V5  i 


i 


too 

On“ 

^ 4)  4) 
£ C 00 

3=2(2 


to 
bj 
O 
OC 
& 

O 
<o 

E- 
o:  o 

o 5 
C ^ 

&s5 

5^ 

§2 

1 2 

i-  ^ 

o 5 

b)  v 

O t 


S o 

N b. 
K o. 

OS  T 

3 Q 

to 
Oia. 
bj  o; 

•C  O 

(-  b. 


r 


t: 


Q L 

e as  > 

.a; 

4)  u.  £ 

■SuJ 

£ o , 

ri  . 

* . 3 

tS  3^ 

&0  4> 

|6=S 
8-  s •= 
c 6 „ ^ 
|<i  c 

e< . s 

Q-»  “ - 
0-2  E 
4>  f—  !»- 
C £ ^ « 

*c  'i  o a 

c > 4=  oo 
= <n  w C 

•rof 

S “ = E 

-O  ^ 
® « o c 

£^I 


~ eo 

X OO 

i UJ 

: a 
Jc^ 
a 


g J2  £ o 

o O ffl  U 


00  o 
c o 

‘5.  2 


£ 5 


- 8 a 


5 5- 

h cCi 

4>  O 

^ E o 

40  c CN 

X o o 

X)  .t;  ^ 


«>  4>  4) 

5 E 2 

C CO 

6 " to 

. 4>  JZ 

o £ ~ 


E 

c “ 
9 -s 


•5  .2  3 


£ « 06 


< 


t 5 E o B 

3 8S  .|S 

£ E ^ c ^ 
3 £ C o « 
o w — OX) 
00  eO  co 

J=  « c •- 

r'  — ^ o i: 


5 E « « 


o > 
c j= 


, --  •>  tS  -o  -o 
» f?  c c c 


- ~ c .E 

ffl  3U  u. 

tS  4>  O 

V ® h . - 
a — 

w 

Q 

^3 


a>  ' 

E .E 

eo  «-* 


X e o £ 9- 


“■:  sr 

U « 
o 5 - - 
TT  tt  “ 
. eo  O 
* . q eo 

fa" 


O O » S - . 


£ X) 

c , 
^ 2 


o 

S g I - 

5 ^ 2 

4*  *2  o o 

06 


o x 


3 ~ 

E . 

£ c 


« 2 “ 


o j<  o 


5 H « o 5 


00  4>  o < .£ 


D *o 


^ I « -C  ° 4> 

*!  S k C J.  « 


E £ -6 

O £ 4) 

E 


* u=  r 

-5  8 

1*1 
>■0  0 
‘Z  c 


i <Q  s 

a c ■«  d 

etj  4#  co 

00  S .2  4) 

■|  u £ S 

g 1 1 •£  ._  - 

wi «—  f g £ c 

^ O I-  o S,  o 

4>  c . £ - ^ 

X O o ,o 

h|§£ 

2Sf 

QfM  h 


0.5 

w ^ 

II 

eo  e 

o 4) 


x = c 


•=  J 

E 4) 

— . 

X o ' ” •“ 

O - CO  o o 

n.  *o  .2^  « 

“ 4>  "*  co 

« g | ? 


D eo  .— 

•-  2 e 
> 00  4>  - 
o 9 • C 

■;  5.  t,  | ° 

£3  8 31 

o X 4)  — eo 

2 “o  v 

Cl  K < Q X 


1 C'S  - 

O « « 
»-  3 'Z 

4>  00  C 
X 4>  4) 

3—  S 

C S ^ 

o ~ a 

co  C d 

Jr  O co 

4) 

D.  C 

**  t-r 

§ *s  « 

S eo  > 

a k 

£ c 

u.  .ir  o 
oaU 


" CO  C 
4>  c 

S-E 

w k.  n 


« u c £ E 

nil- 

|<s  8jg| 

- « « — w 3 
o *■*  O — 

C c eo  o 


E g - £ •= 


= E = 

eo  — 

E 


o y 4> 

5 a- 

S S § 

4)  co 

00  O C 

E .«  o 
.6  a S 
E u Q 

4)  O >4 
J,  w X 


^ ; 

E > 5: 
! £ " 
D.  . X 
k.  O ^ 

% E 8 


4) 

O w 
. 4> 

4>  a 

"2  2 


<<  4)  ~ 4) 

2£  § g 
w w o « 
Z on.  g 

0 4)” 

dp« 
•2  | .£ 
a:  £ s 

o o O a 
’?  c « “ 
4)  Jr  4) 
<Eib 

0-  C l—  co 

W O *0 

7 k 4> 

-'S^“ 
»?«■ 
■32  31 

•2  'q  .t:  5 
.2  c « --5 


U.  4>  4>  O 

o £ £ — 

3 's  £ = 

c o S o. 

g -o  5 o 
So*-*-. 

Z ^ ^ ^ • 

^ 4>  c a 

- > 4)  ±-  . 

c -5  £ ^ , 
*^s 


* £ 
8 8 


w 4> 
eo  X 

a e < 

I 8 S3 


4# 

5 * 


C ? 

4>  C- 

E w 


: — -o 

— c 
, ^ “ 


ir 


.2  c 

U-  4j 

2 = £ 


a o q, 


c 2 - 

a o o 

3 «)  C 
= •-  O 

o E *2 
a © 4) 
w o a 


_ a £ 

£S 


C 3 -k#  4> 

« ° 2 m 

co  co  eo 
>4  ‘X  CX  CO 
■k*  ^ c 4) 

•x  -g  .E  .r 

3 •“  2 4i 

a eo  X jc 


— 0—4) 

.5  § 1 I 

o »<  O § 

e a.H  p 
a E 2 £ 
C 8 a- 

«is  s 

"IE 


c « 

S a 

c < 

4) 

£ ^ 5 


»_  a 
•=  3 


2 a 


>4  4) 

1 =- 
| 8 s 

eo  — O' 
= 2 <N 

.2  c o 

— 4)  IT) 

£ E “ 
c <09 


4>  4)  ® O 


■O  tt 


tco 

4>  • 4)  ^ 

> C/5  X 2 
co  r 4 ~ 

f ^3  « 
i = 5i 

„ r>(  Cl  2 

.r  ■»  E ■- 
E ^ Z “ 

— n «j 

E 52 


.2 .-  o: 
! £ = w 

u « (j 

= 2 o 

s _ ^ 


a 

k.  4) 

"S  a 


E o 

Oconto  »-  co  o>  — 

3,=  »s“-s£?  f s S .8  g -S  i 8 

* ■>  -o 


E < w ' 


3 CO  > 

£a.Ji 


4)  > 
C C 


C 4)  — 

1 £ S 

E c E 
o 2 

O w V) 

cEu 

^ ® C 

4)  C o 


O O 4)  oS  k. 


% 


T 

K. 

uj 

£ 

CO 

X 

u. 

s> 

UJ 

Co 

T 

£ 

oa 

UJ 

T 

2> 

O 

Uj 

Q 

T 


§§ 
Q g 

uj  ^ 
CO  ^ 

N ^ 

io 

Ss 

i a. 

(-  T 


i.2-  3 
•u  a ?5  ~ 

C Q IN  X> 

a e «w  « 

_ O . o 

K « oc  £ 

£ § u3  oo 

<2  gu| 

« K « - ^ 
c « m 5 £ 
.2 


■5^^: 

gS“-. 


o 

U 

T3  * 

£ u. 
|U 
*x  x 


t:  c 
c .2 


j£  8 g 8 

iS  .2  .-  x , 


E 2 
o ■ 
i/i  b.  . 
2x“ 


C ^3 

D 


r-a  O 
1 *o  w 


O c 
c E 


.S  E 


o x 

Eo 
4) 


. r*  eo 


Q-217 


Q- 218 


5" 


i«i 

U1  £ 
£ £ 


8 

8 

I 


C! 

.© 

jo 

.'o 

6 

5 

b 

.8 

*<o 

§ 

.N 


9) 

» 

05 

-4 

*cS  - 

sa  ° 

5" 

Tn  « 

s § 

fa  ” 
c; 

© 


01 

c 

01 

1 

© 

o 

X 

© 

b z >> 

tm 

. ao 

— c «*~ 

© 

JZ 

o — 

ffi  3 © 

CO  4- 

o - — 0 

ffi  X 

X 

rnm  ffi 

© 4- 

© 4-  X 

x 

♦-  01 

oi  c 

© — 

© c 

U mm 

m 

01  D E 

O 01  01 

c « be  >%  « 

ffi  x x:  xz 

u 

t-  a 

3 3 0 6- 

- 

— i -n 

$ 

X) 

C > ® CD  c 

mm 

01 

c c — ♦* 

3 

c 

ffi  ©4-0 

*— 

5 m 
= r> 

01 

01  3 • 

o ® — o 

x — 

+-* 

o 

U ffi 

C 

c 

© o 

«c  — 

d 

x:  ® x 

•w  ~-i  a oi  oi  *-• 

C ffi 

© c c 

© o ^ — 

© o »4  x x: 

r— 

> 

■*-  s- 

4-  .c  o ® s:  c o 

ffi 

© © 0 — 

E 

© a 

rnm 

E — be  © © 

7 In 

c 

x o 

0 H c — 

4-  C — 

© X 

C 4-  JZ 

Oi  E 

o © 

4-  < c — 

r© 

c c 

fc- 

h C Cl 

E u xj 

ffi  — 

© 

O — 4- 

u 

4-  3 

be  © — *4. 

s < 

o a oi 

01 

c — c 

c 

© ffi  © — 

(*-4 

© 

X 

c © v-  e X 

ffi  <—  J- 

o • — o 

ffi  a o 

c 

> 5 

> © 

© o 

— CO  O *4  o 

s 

> E 

a 

0)  — +* 

sz  E 

p 

a 

bo—  — 

X 

© i- 

3 *4 

u ffl  o 

£ O 

xs 

^ C Cl 

X3  > CO 

^ >» 

be 

C ffi  fa  • 

c xz  o 

c a 

O < >*4-  «... 

CO  © — 

01  — X 

— a 

•w* 

a 

— ffi  c 

ffi 

£ 

4W 

4-0  6"© 

s» 

® 

— E — 

> ~ U 0) 

(4  h 3 

ffi 

4*  o c o 

CD 

4 ffi 

— fa  ffi  •O  u 

a 

fa  ax 

o o o ® 

01  01  O 

►> 

ffi  a o E 

ffi 

c 

c c 

C — 4-  ffl 

01 

OOP 

u c — o x:  a — 

© 

•■H 

w>  (0  CD  — * 

c 

«H  * 

o — 

O Z © ffl  xz 

u* 

2 — a 

a in  — a 

O — 

> 

— 

K — — ffi 

© — 

© be 

E < 6"  - 4- 

• 

< 

w 01 

a o>  e o 

« ^ e 

ffi 

ffi 

© *o  — et 

© 

© ffi 

© 

© o 

► 01 

O ~ — b 

b a o> 

JZ 

c 

© 

C ffl 

4-  X) 

X - © 4- 

mm 

4-  01  XZ 

— ® a 

•ww 

mm 

^ E ►>  C 

o o 

ao 

C 4-  CO  ffl  * 

a 

Cfiv 

c o 

>»£  01 

4* 

bo 

0 »-  © — 

o 

© a 3 x 

a © jz  xz 

6" 

01 

o o o 

ffi  4-  ffi 

0 

mm 

< xz  u 

© 

o 

E C 

© ffl  4-  CD 

01 

E oi  o 

— •O  a 33  — C 

c 

tm 

© 4-  ffi 

© tm 

co 

c *—  xz  — 

•o 

01  C V 

ffi  01  t-  — 

S o 

o 

^ c — 

X 

© a co 

0 0 4-  ►>*-. 

01 

— — c 

® U o o 

c Cl 

mm 

« O C 3 

mm 

© 

© X 

4"  tm  mm 

fa 

ffl  £ - 

— tn 

o - 

mm 

© 

E ffi  — © 

mm 

X 4- 

© © 

mm  Oi  >“>—  ffl 

£ oi  oi 

— ffi 

mm 

s: 

ffi  — — 

ffi 

4-  C 

*■«  a 

ffl  £i  > 3 

cm^  c 

E ^ ^ > 

ffi  ffi 

5 

rnm 

— X 4- 

> 

© 

3 O 

be  ©©  — o 

o 

© o 

O 01  *«  — 

© £ X 

ffi  ^ — fc. 

- E 

O — 

— C 6"  4-  E 

4-  © — 

0^0  — 

E -*  C 

© 

c 

— © ffl 

© 

« a ffl  © 

4-4-000 

c 

01  — ® 

a a o co  o 

> 

ffi 

x — a £ o 

© > 

— E JC  « 6" 

0 

0 0 3 

oi  a c 

— co 

x: 

c © <~ 

ffi 

4-  •— « 

14  © 

E % _ x 

4" 

a 6-  — 

X 01  3 fc* 

E © ® 

mm 

mm 

0 ® 

© 

X 

© be  a 

® 

E fa  © 

^ 01  ® 01 

u > © 

ffi 

4-  O — ffl 

© 

ffi  > 

© 

© xz  E c c 

6« 

ffi 

— c 

< © t- 

c 

ffi 

ffi  a—  © 

ffi 

u © 

ffi  ffi 

mm  mm  ffi  4-  ffi 

01 

-r- 

E — 

be  > c — 

— 3 

(w 

ffl  o © © 

© 

ffi  x 

© 44 

« — c 

x 

g 

— 3 

C u 0 o 

C — ® 

© 

© 

— u E ** 

«C 

© 

xz 

— 6"  C — O 

a 

o c u 

— 01  — 

C © ffi 

mm 

ffi 

E a 3 

H 

a © 

mm  © 

6-  0 ffl  E ** 

0) 

o 

— 01  o 

CO  ® ♦-* 

ffi  £ © 

mm 

a 

E ►*  o 

ax: 

mm 

a«~  jz 

fa 

«— 1 

U 

C X 

01  ffi  ® 

- E 

ffi 

E 

0 © — ffi 

ffi  4- 

o — 

o © >>  E 

+->  © 

0)  £ 

01  +-  — jC 

— c 

O xz  a © 

4-  ffi 

6"  X © C *4 

E 

ffi  05 

►>  & >.  ® 

E ® Er 

£ o c 

X 

v a«- 

E 

♦-  C 

a © E ffl  « 

c 

a 

01  05 

u 

c — ~ 

oi  E 

— o 

© 

© 3 

© 

ffi  © 

a a xz 

o 

© 

Ch  05 

o 

o c c 

t-  o 

© ffi  — 

u 

ffi  © 

<4.  ffi  ffi 

4-* 

4*  c 

ffl  O ffl  4- 

® H 

o 

a> 

u s o> 

GO  o O • 

JZ  ffi  - 

u 

■*->  4-> 

4-0  © 

ffl  co  x 

© — 

— — © 

c 

fa 

4- 

f4  g 

® fa  CO 

— ffi 

© 

c — 

— 

— © 

09  E 

©©©cd  — 

£ 

>> 

a 

• 

> 

> — £ 

»-<  on  — 

E be«M 

© ffi 

• CO  © tw 

© fa  ao 

a 

xz  > © x:  X3 

o 

t. 

- be* 

c 

XI 

c — o 

• 3 fa 

c E — 

© 

E 

© 4-  4-  © 

Q « 

E 01 

4-  © *0  ffi 

-9 

a 

ffi  C ® 

o 

< w — © 

•CO  0 

— o «- 

u 

c - 

E © « £ X 

fa  © 

— JZ 

X — >>  6" 

c 

C — Cd 

® 

X 

CM  •—.<*-» 

U — 

a o ffi 

— ffi  5 m 

u 

u 

mm 

o > — ffi 

• 

• 

OX  — 

c 

— 

4-  be 

> **- 

ro  E 

U ffi 

♦-a  — 

o 

© »o 

mm 

4-  © o © a 

rnm 

PS 

— 

- - < 

JZ 

® 

<M  N C 

01  « 

be  © 

© 

— o 

E - <~ 

4S  X 

ffi  ffi 

Sl  U mm  © 

a 

a 

o 

c 

cd  4-  4- 

01  01  %4  u 

C JZ  x .c 

> a 

© — « 

4-  ffi 

44  ffi 

c a « 6- 

rnm 

x 

CO  3 * 

►■9 

01 

6*  u % 

c jc  ax? 

— H © 

mm 

c ffi 

E 4-  4 

mm 

O — — 6" 

4" 

u 

ozn  c 

n w ffl  o 

3 — 

•— 1 4-< 

© ^ 

ffi  ffl  C ffl  X 

*o 

C X 

— — ^ x — 

Si 

ffl 

a 

• 

3 — 

*-»  ffi  ^ 

— c 

• 

X 

CD  xz  © — 

c 

o c 

© © 

4-  — 1 t/5  © 

a 

2 

•H 

u 

— 

•a  o*  — 

— 00 

ffi  ’ © 

E 

U 

4-  E © 

a 

a 

4-  tm 

4"  » w E bex: 

X T3 

® a — 

£ 

mm 

01  o 

Q h Cl  05 

♦-  « E 

0 

© « 

© © u 

S 

O O 

X ^ E c 

fa 

6" 

ffl  U XZ 

U 

® x ^ 

♦*  C Q)H 

u © 

tm 

4-  U 

XZ  4*  — © 

u 

© X 

a~ 

X XZ  £1  — 4" 

6- 

0) 

bo  oi  a 

u 

— a 

— a — 

© X — 

be  « x 

4-  3 a E 

© 

— © 

mm 

ffi  © w a 

4" 

• 

4- 

CC^ 

ffi 

01 

> u 01 

a^  oi 

c ffi  a o 

© ffi 

o a E 

> 

> N 

© c 

— ift  C 3 

© 

U 

c 

O O 01 

01 

jC 

01  O X 

**  ? 0)£ 

B&Z 

fw 

bo§ 

4-  X3  3 o 

© 4- 

xz  o 

C JC  O ffi  ffi 

x: 

£ 

H fa  fa 

a 

H 

fax- 

< 0D  h «- 

a 

< « cc  © 

tm 

>4  C 

- E 

— £ eft  © © 

'o 


a 

S 


*W  >1 


t/>  V)  ■ H 
j-i  g a >i 
(1)  J—  -Q 


O >4-  r*  \ji 

5 a x fa  4J  cd 


ff  l R B 3 * 

a -h  p cu  xj  c 


<5 


fa  S w 


b 


Q-219 


The  figures  in  Table  18-2,  Appendix  G indicate  that  in  a "worst 
case"  scenario,  the  total  value  of  cotmercial  fish  and  shellfish 
which  could  conceivably  be  lost  for  the  Boca  de  Quadra  alternative 
would  be  *5,005  and  for  the  Wilson  Arm  alternative  the  total  value 
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Disposal  of  tailings  in  Wilson  Arm  would  avoid  the 
uction  of  the  tailings  tunnel  portal,  drop  boxes,  wharf 
nd  other  disturbances  in  the  wilderness  areas  along  the 
of  Boca  de  Quadra 
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Increments  for  TSP.)  The  final  EIS,  therefore,  needs  to  be  revised  to  address 
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The  80%  assumption  is  a very  important  part  of  the  Elb  socioeconomic 
section.  It  drives  many  impact  estimates,  particularly  on  public 
services.  When  the  DEIS  came  out  1 marked  in  large  red  letters  on  page 
4-159  "where  did  this  come  from?",  when  first  encountering  the  80Z 
figure.  While  technical  corrections  will  always  need  to  be  made  as  real 
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The  fish  and  wildlife  resources  potentially  Impacted  by  the  proposed  project 
have  been  comprehensively  described  in  various  documents,  including  the 
current  Revised  Draft  Environmental  Impact  Statement  issued  by  the  Department 
of  Agriculture.  We  will  not  repeat  those  descriptions  here,  however,  the 
following  is  a summary  description  of  such  resources  and  their  habitats. 
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a Contingency  Plan  for  unpredicted  impacts  which  may  result 
from  landslides,  hazardous  material  spills,  tailings  disposal  or 
for  any  other  unerpected  reason  whereby  the  District  Engineer, 
after  consultation  with  resource  agencies,  will  require 
implementation  of  modified  or  additional  mitigation  measures; 
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APPENDIX  R 
RESPONSES  TO  COMMENTS 
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Ketchikan 


QUARTZ 

HILL 


SMEATON  / 

/ bay  : BAKEWELL 
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JRTLAND 
CANAL  , 
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INTRODUCTION 


The  notice  of  availability  of  the  Revised  DEIS  was  published  in  May 
1987  and  the  period  for  public  comment  extended  from  that  date  through 
(date).  During  the  public  comment  period,  257  letters  and  petitions 
were  received.  The  widespread  interest  in  this  project  is  reflected  in 
the  distribution  of  respondent  locations:  73  from  the 

Ketchikan-Gateway  Borough,  54  from  elsewhere  in  southeast  Alaska,  51 
from  other  parts  of  Alaska,  and  89  from  other  states  and  Canada.  The 
varied  affiliations  of  the  respondents  also  reflect  the  widespread 
interest:  133  letters  were  from  individuals,  7 from  local  government 

agencies,  8 from  State  government,  6 from  Federal  government,  7 from 
conservation  or  environmental  groups,  85  from  businesses  or  business 
groups,  2 from  U.S.  Borax,  9 from  fishermen  and  fisheries-related 
businesses,  and  10  from  miscellaneous  other  groups. 

The  letters  received  are  bound  as  Appendix  Q to  this  document.  As  each 
letter  was  logged  in,  it  was  numbered  and  the  separate  issues  addressed 
were  also  numbered.  Thus,  each  comment  is  identified  by  a Letter/Issue 
number;  148/6  indicates  the  6th  issue  mentioned  in  Letter  No.  148. 

All  comments  have  been  logged,  categorized,  and  answered,  either 
individually  or  collectively,  in  this  Appendix.  Each  comment  has  been 
carefully  considered  and  all  necessary  revisions  in  response  to  the 
comments  have  been  incorporated  into  the  Final  EIS.  Where  comments 
were  the  same  or  similar,  they  have  been  addressed  collectively. 

Table  R-l  provides  the  name  and  affiliation  of  each  commentor,  the  date 
of  his  or  her  letter,  and  the  subject  area(s)  addressed  in  the  letter. 
To  assist  commentors  in  locating  the  responses  to  their  comments. 

Table  R-2  is  provided.  Table  R-2  lists  each  letter/issue  number  and 
notes  the  Appendix  R subsection  in  which  the  response  is  located.  A 
few  comments  were  responded  to  both  by  the  Forest  Service  and  EPA.  In 
those  cases,  the  locations  of  both  responses  are  noted  in  Table  R-2. 

In  the  text,  the  Letter/Issue  number  of  the  comment(s)  being  addressed 
is  given  in  parentheses  at  the  beginning  of  each  response. 

Most  of  the  comments  on  the  Revised  DEIS  were  related  to  various 
aspects  of  tailings  disposal  in  either  Wilson  Arm  or  Boca  de  Quadra. 

The  first  two  major  sections  (R-l  and  R-2)  address  tnose  comments. 
Responses  to  comments  on  the  project's  water  supply  and  possible 
fisheries  impacts  constitute  the  next  two  sections  (R-3  and  R-4). 
Socioeconomic  concerns  also  constituted  a large  number  of  comments,  and 
they  are  addressed  in  the  fifth  section  (R-5). 

Comments  that  didn't  occur  as  frequently,  such  as  those  regarding  the 
transmission  line,  air  quality,  or  water  quality  not  related  to 
tailings  disposal,  are  addressed  in  the  subsequent  sections  (R-6 
through  R-8).  General  comments  on  other  topics  follow  (R-9)  and 
editorial  or  minor  comments  on  wording  are  identified  in  the  final 
section  of  Forest  Service  responses  (R-10).  Responses  of  the  U.S.  Army 
Corps  of  Engineers  appear  in  Section  R- 11,  while  responses  prepared  by 
the  Environmental  Protection  Agency  appear  in  Section  R-l 2. 
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TABLE  R-2 

LOCATION  OF  RESPONSES  TO  COMMENTS 


Response  Location  Response  Location 


Letter/ 

Letter/ 

Issue 

USFS 

EPA 

Corps  Issue 

USFS 

EPA 

2/1 

R-l 2.5 

156/3 

R-l  .1 

4/1 

R-l 2.5 

R-2.1 

4/2 

R- 12.5 

156/4 

R-l  .1 

35/1 

R-l 2.5 

156/5 

R-l  .1 

35/2 

R-l  .4 

156/6 

R-l  .1 

39/1 

R-l 2.5 

156/7 

R-l  .1 

41/1 

R- 12.5 

156/8 

R-l  .1 

56/1 

R-1.5 

156/9 

R-l  .1 

57/1 

R-l 2. 5 

156/10 

R-l  .2 

71/1 

R-l 2. 5 

156/11 

R-l. 2 

90/1 

R-l  .5 

156/12 

R-l  .2 

93/1 

R-l  .4 

156/13 

R-l  .3 

93/2 

R-6.0 

156/14 

R-l 2.4 

105/1 

R-l 2. 5 

156/15 

R-l 2 . 4 

108/1 

R-1.5 

156/16 

R-l 2.4 

119/1 

R-l 2.5 

156/17 

R-12.4 

137/1 

R-l  .5 

164/1 

R-9.0 

137/2 

R-9.0 

171/1 

R-l  .5 

148/1 

R-2.1 

R-l 2.4 

171/2 

R-l  .4 

148/2 

R-2. 2 

R-l 2.3 

173/1 

R-l  .5 

148/3 

R-2.1 

R-l 2.4 

174/1 

R-l  .5 

148/4 

R-2. 4 

R-l 2.4 

174/2 

R-5.4 

148/5 

R-2. 2 

R- 12.5 

176/1 

R-4.2 

148/6 

R-2. 2 

R-l 2.4 

176/2 

R-4.2 

148/7 

R-2. 2 

R-l 2.3 

176/3 

R-3.3 

148/8 

R-2. 2 

R-l 2.4 

R-4.2 

148/9 

R-2.1 

R-l 2.3 

176/4 

R-l  .4 

148/10 

R-2.1 

176/5 

R-5.1 

150/1 

R-l 2.5 

176/6 

R-3.3 

150/2 

R-5.1 

176/7 

R-4.3 

151/1 

R-l 2.5 

181/1 

R-2. 4 

R-l 2. 3 

152/1 

R-l 2.1 

181/2 

R-2. 2 

R-l 2.4 

181/3 

R-2. 2 

152/2 

R-l 2.1 

181/4 

R-1.5 

152/3 

R-l 2.1 

181/5 

R- 10.0 

152/4 

R-l 2.1 

181/6 

R-4.1 

152/5 

R-l  .3 

R- 12.1 

181/7 

R- 10.0 

152/6 

R-l  .4 

R-l 2.5 

181/8 

R-l  .5 

152/7 

R-3.1 

181/9 

R-4.2 

156/1 

R-l  .1 

181/10 

R-2. 2 

156/2 

R-l  .1 

181/11 

R-4.2 
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181/12 

R-24 
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TABLE  R-2  (Continued) 
LOCATION  OF  RESPONSES  TO  COMMENTS 


Response  Location 


Response  Location 


Letter/ 

Issue 

USFS 

EPA 

Letter/ 

Corps  Issue 

USFS 

EPA 

181/13 

R-4.3 

244/11 

R-10.0 

181/14 

R-l  .5 

244/12 

R-4.1 

190/1 

R-l  .5 

244/13 

R-4.1 

194/1 

R-3.1 

244/14 

R-4.1 

197/1 

R-9.0 

244/15 

R-7.0 

197/2 

R-4.2 

R-l 2.4 

244/16 

R-l. 2 

197/3 

R-3.1 

244/17 

R-l  .2 

202/1 

R-3.2 

244/18 

R-l. 2 

206/1 

R-l  .5 

244/19 

R-l  .2 

206/2 

R-9.0 

244/20 

R-2. 3 

206/3 

R-l  .4 

244/21 

R-4.2 

206/4 

R- 5.2 

244/22 

R-4.1 

208/1 

R- 12.5 

244/23 

R-2. 3 

208/2 

R-l 2.5 

244/24 

R-l 2.2 

208/3 

R-l 2.5 

244/25 

R-10.0 

208/4 

R-l 2.4 

244/26 

R-10.0 

208/5 

R-l 2.5 

244/27 

R-10.0 

208/6 

R-l 2.5 

244/28 

R-10.0 

226/1 

R-2. 4 

244/29 

R-10.0 

230/1 

R-l 2.5 

244/30 

R-10.0 

230/2 

R-l 2. 5 

244/31 

R-10.0 

230/3 

R-l 2.5 

244/32 

R-7.0 

230/4 

R-3.1 

244/33 

R-l 2.3 

230/5 

R-3.3 

244/34 

R-2 . 1 

232/1 

R-5.5 

244/35 

R-2. 2 

232/2 

R-5.4 

244/36 

R-2. 2 

232/3 

R-5.5 

244/37 

R-2. 2 

235/1 

R-l  .4 

244/38 

R-2. 3 

235/2 

R-5.2 

244/39 

R-2. 4 

235/3 

R-5.2 

244/40 

R-2. 2 

R-l 2.2 

240/1 

R-l  .5 

244/41 

R-2. 2 

R-l 2. 2 

244/1 

R-2. 3 

R-l 2.2 

244/42 

R-2. 4 

244/2 

R-l 2.1 

244/43 

R-2. 2 

244/3 

R-2 . 1 

244/44 

R-2. 2 

244/4 

R-l 2.1 

244/45a 

R-2. 3 

244/5 

R-l 2 . 3 

244/45b 

R-l 2.4 

R-l 2.1 

244/46 

R-l 2.4 

244/6 

R-l  .4 

244/47 

R-12.1 

244/7 

R-l 2.1 

244/48 

R-l 2.4 

244/8 

R-l  .2 

R-l 2.1 

244/49 

R-l 2 . 4 

244/9 

R-l 2.4 

244/50 

R-12.1 

244/10 

R-9.0 

244/51 

R- 12.4 

244/52 

R-l 2.4 

R-25 


081 8K 


TABLE  R-2  (Continued) 
LOCATION  OF  RESPONSES  TO  COMMENTS 


Response  Location 


Letter/ 

Issue 

USFS 

EPA 

Corps 

Letter/ 

Issue 

USFS 

244/53 

R-l 2.4 

261/5 

R-4.3 

244/54 

R-l 2.4 

261/6 

R-2. 3 

244/55 

R-l 2.4 

261/7 

R-4.2 

244/56 

R-l 2.1 

261/8 

R-l  .3 

244/57 

R-l 2.4 

261/9 

R-4.1 

244/58 

R-2. 3 

261/10 

R-4.1 

244/59 

R-l 2.2 

261/11 

R-5.1 

244/60 

R-l 2.4 

261/12 

R-2. 1 

244/61 

R-l 2.4 

261/13 

R-7.0 

245/1 

R-5.2 

261/14 

R-7.0 

249/1 

R-l 2.5 

261/15 

R-7.0 

251/1 

R-1.4 

261/16 

R-7.0 

252/1 

R-9.0 

261/17 

R-6.0 

252/2 

R-9.0 

261/18 

R-8.0 

252/3 

R-1.5 

261/19 

R-8.0 

252/4 

R-4.3 

261/20 

R-8.0 

252/5 

R-1.2 

261/21 

R-8.0 

252/6 

R-1.4 

261/22 

R-3.2 

252/7 

R-5.1 

261/23 

R-3.2 

252/8 

R-5.2 

262/1 

R-4.3 

252/9 

R-l  .3 

262/2 

R-4.3 

252/10 

R-3.2 

262/3 

R-l. 3 

252/11 

R-3.3 

262/4 

R- 3.1 

252/12 

R-4.3 

262/5 

R-5.4 

252/13 

R-4.3 

262/6 

R-5.5 

252/14 

R-1.5 

262/7 

R-3.1 

252/15 

R-4.3 

262/8 

R-7.0 

252/16 

R-l 2.4 

262/9 

R-7.0 

252/17 

R-8.0 

262/10 

R-7.0 

252/18 

R-9.0 

262/11 

R-8.0 

252/1 9A 

R-6.0 

262/12 

R-8.0 

252/19B 

R-9.0 

262/13 

R-5.4 

252/20 

R-9.0 

262/14 

R-5.5 

258/1 

R-2. 2 

262/15 

R-5.3 

258/2 

R-4.3 

262/16 

R-5.4 

258/3 

R-5.4 

262/17 

R-5.4 

260/1 

R-l 2.5 

262/18 

R-5.3 

260/2 

R-1.4 

262/19 

R-5.3 

261/1 

R-l  .3 

262/20 

R-5.3 

261/2 

R-l. 3 

262/21 

R-6.0 

261/3 

R-l  .3 

263/1 

R-l  .5 

261/4 

R-l  .2 

Response  Location 


Corps 
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TABLE  R-2  (Continued) 
LOCATION  OF  RESPONSES  TO  COMMENTS 


Letter/ 

Issue 

Response  Location 

Letter/ 

Issue 

Response  Location 

USFS  EPA  Corps 

USFS  EPA  Corps 

264/1 

R-4.1 

C2/5 

R-l 1 . 2 

264/2 

R-4.1 

C2/6 

R-l 1 .2 

R-4.3 

C2/7 

R-l 1 .2 

264/3 

R-4.1 

C2/8 

R-l 1 .3 

266/1 

R-4.3 

C2/9 

R-l 1 .2 

266/2 

R-3.1 

C8/1 

R-5.2 

266/3 

R-2.1  R- 12.3 

C8/2 

R-l 1 . 3 

266/4 

R-6.0 

Cl  7/1 

267/1 

R-5.4 

Cl  7/2 

R-l 1 . 3 

Cl/1 

R-l 1 .3 

Cl/2 

R-l 1 .1 

Cl/3 

R-l 1 .1 

Cl/4 

R-l 1 .1 

Cl/5 

R-l 1 .1 

Cl/6 

R-l 1 .1 

Cl/7 

R-l 1 .1 

Cl/8 

R-l 1 .1 

Cl/9 

R-l 1 .1 

Cl/10 

R-l 1 . 1 

Cl/11 

R-l 1 .1 

Cl/12 

R-l 1 . 1 

Cl/13 

R-l 1 .2 

Cl/14 

R-l 1 .2 

Cl/15 

R-l 1 .2 

Cl/16 

R-l 1 . 2 

Cl/17 

R-l 1 .2 

Cl/18 

R-l 1 .2 

Cl/19 

R-l 1 .2 

Cl/20 

R-l 1 . 2 

Cl/21 

R-l 1 .2 

Cl/22 

R-l 1 . 2 

Cl/23 

R-l 1 .2 

Cl/24 

R-l 1 . 2 

Cl/25 

R-l 1 . 2 

Cl/26 

R-l 1 . 2 

Cl/27 

R-l 1 . 3 

C2/1 

R-l 1 .2 

C2/2 

R-l 1 .2 

C2/3 

R-l 1 . 2 

C2/4 

R-l 1 .2 
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R-l  TAILINGS  DISPOSAL 


Numerous  comments  addressing  the  tailings  disposal  alternatives  were 
received.  Comments  regarding  the  physical  oceanography  of  the  fjords, 
tailings  behavior  following  discharge,  and  fjord  modeling  are  addressed 
here  in  Sections  R-l.l  through  R-l. 3,  respectively.  Comments  regarding 
the  wilderness  and  visual  impacts  associated  with  tailings  disposal  are 
addressed  in  Section  R-l .4.  Other  comments  concerned  with  tailings 
disposal,  including  on-land  tailings  disposal  and  issues  related  to  the 
tailings  pipeline,  are  addressed  in  Section  R-l. 5.  Comments  related  to 
the  chemical  properties  of  tailings  are  addressed  in  Section  R-2, 
Tailings  Toxicity,  while  comments  concerned  with  biological  impacts  of 
marine  tailings  disposal  are  addressed  in  Section  R-4,  Fisheries 
Impacts. 

R-l.l  Physical  Oceanography 

One  commentor  (156/1-9)  provided  clarification  regarding  the 
circulation  and  density  structure  of  Boca  de  Quadra  and  Smeaton  Bay. 
Changes  in  response  to  these  comments  have  been  incorporated  into  the 
Final  EIS,  Sections  3.1.6  and  4.1.6.  One  of  these  comments  stated  that 
the  mechanism  driving  the  circulation  of  the  fjords  is  still  not 
clearly  understood.  This  is  a valid  observation  and  should  be  kept  in 
mind  when  reviewing  the  material  related  to  tailings  impacts. 

R-l .2  Tailings  Characteristics 

A number  of  comments  were  concerned  with  how  the  tailings  behave  when 
they  are  discharged  into  either  Wilson  Arm  or  Boca  de  Quadra.  Two 
commentors  suggested  text  changes  that  would  clarify  descriptions  of 
the  behavior  of  tailings  in  the  fjords  (156/10-12  and  244/17).  The 
text  referenced  by  these  comments  has  been  clarified. 

One  commentor  (244/8)  attempted  to  reconcile  a disparity  regarding  the 
outflow  of  metals  in  the  upper  100  m of  Smeaton  Bay  into  the  adjacent 
Behm  Canal.  In  response,  we  note  that  the  findings  of  Section  4. 1.6. 5 
indicate  that  concentrations  of  fine  particulates  transported  from 
Smeaton  Bay  to  Behm  Canal  are  predicted  to  be  1 percent  of  the  tailings 
concentration  at  the  top  of  the  turbidity  current.  A value  of  40  mg/1 
for  the  tailings  concentration  at  the  top  of  the  turbidity  current  is 
reasonable,  based  on  observations  in  Rupert  Inlet  and  the  Quartz  Hill 
tailings  discharge  volume.  This  indicates  that  fines  are  not  confined 
to  Smeaton  Bay  but  are  transported  over  the  sill.  The  sill,  at  130  m, 
is  deeper  than  the  upper  100  m depth.  Since  metals  readily  bind  to 
particulates,  this  flushing  mechanism  of  the  bay  should  prevent  Smeaton 
Bay  from  acting  as  a sink  for  heavy  metals.  Therefore,  the  Forest 
Service  believes  that  the  interpretation  which  indicates  greater 
dilution  potential  in  Wilson  Arm/Smeaton  Bay  is  the  correct 
interpretation.  The  EPA  does  not  concur.  Their  response  to  this 
comment  can  be  found  in  Section  12.1. 

Because  the  Smeaton  Bay  entrance  sill  is  deeper  than  the  Kite  Island 
sill  in  Boca  De  Quadra,  Smeaton  Bay  communicates  more  freely  with 
waters  outside  the  bay.  The  Quartz  Hill  project  will  not  modify  the 
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circulation  of  waters  above  the  Smeaton  Bay  sill.  Based  on  Appendix  S 
of  the  EIS,  Smeaton  Bay  would  not  only  circulate  more  effectively  but 
this  circulation  would  not  be  greatly  affected  by  the  proposed  project. 

One  commentor  (244/16,18)  was  concerned  with  the  tailings 
concentrations  reported  in  the  Revised  DEIS  and,  in  particular,  with 
the  concentration  of  tailings  at  the  top  of  the  turbidity  current.  The 
actual  concentration  of  tailings  fines  at  the  top  of  the  turbidity 
current  is  difficult  to  predict.  The  commentor  pointed  out  that  the 
concentration  of  suspended  tailings  at  the  top  of  the  turbidity  current 
observed  in  Rupert  Inlet  (see  Figure  4-6)  is  about  20  mg/1.  We  feel 
this  value  is  too  low  to  use  for  Quartz  Hill.  The  Island  Copper 
operation  at  Rupert  Inlet  discharged  only  half  as  much  tailings  as  the 
planned  discharge  at  Quartz  Hill.  The  relationship  between  in  situ 
tailings  concentrations  and  the  amount  of  tailings  dischargecFis 
complicated  by  the  amount  of  dilution,  the  efficiency  of  the  mixing 
box,  the  behavior  of  the  tailings  in  the  near  field,  and  the  slope  of 
the  fjord  bottom.  Therefore,  the  tailings  concentration  at  the  top  of 
the  turbidity  plume  can  be  only  roughly  estimated.  In  the  absence  of 
more  substantive  information,  we  have  assumed  that  the  relationship 
between  the  amount  of  tailings  discharged  and  the  tailings 
concentration  at  the  top  of  the  turbidity  current  is  directly 
proportional  and  that  by  doubling  the  amount  of  tailings  discharged, 
the  tailings  concentration  at  the  top  of  the  turbidity  current  will 
also  double.  Therefore,  an  estimate  of  40  mg/1  has  been  adopted  for 
the  EIS  analysis.  Appropriate  changes  have  been  made  to  the  text 
(Section  4.1.6). 

Related  to  the  concentration  of  tailings  at  the  top  of  the  turbidity 
current  is  the  question  of  the  quantity  of  tailings  fines  that  will 
leave  Smeaton  Bay  (244/19).  The  Revised  DEIS  presented  a calculation 
on  this  amount  that  has  been  modified  in  the  FEIS  to  reflect  a 
concentration  of  tailings  fines  at  the  top  of  the  turbidity  current  of 
40  mg/1.  The  amount  of  fines  leaving  the  fjord  may  be  calculated  by 
determining  the  volume  of  downfjord  flow  over  the  outer  Smeaton  Bay 
sill  and  dividing  the  calculation  into  two  separate  periods,  deep  water 
renewal  and  nondeep  water  renewal.  The  calculation  steps  are  as 
follows: 

Outflow  occurs  in  a layer  above  the  Smeaton  Bay  outer  sill  between 
60-m  and  120-m  deep  (Nebert  1985).  The  width  of  the  fjord  at  these 
depths  is  932  and  708  m,  respectively  (interpolated  from  Findikakis 
1985).  The  cross-sectional  area  of  the  outflow  is  49,200  m2. 

The  average  velocity  of  the  outflow  is  10  cm/sec  during  deep  water 
renewal  (May-September,  a duration  of  153  days  or  13.2  million  sec) 
and  5 cm/sec  during  nondeep  water  renewal  (October-April , a 
duration  of  212  days  or  18.3  million  sec)  (Nebert  1985). 

The  concentration  of  tailings  in  this  outflow  is  predicted  to  be 
10  percent  of  the  tailings  concentration  at  the  top  of  the  turbidity 
current  during  deep  water  renewal  and  1 percent  of  this  concentration 
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during  nonrenewal  periods  (Kowalik  and  Findikakis  1985).  The  tailings 
concentration  at  the  top  of  the  turbidity  current  is  assumed  to  be 
40  mg/1  ( see  above) . 

Therefore,  during  deep  water  renewal,  65  billion  m^  of  water  flows 
out  of  Smeaton  Bay  carrying  260  million  kg  of  tailings,  while  during 
nondeep  water  renewal,  45  billion  nr  of  water  flows  out  of  Smeaton 
Bay  carrying  18.7  million  kg  of  tailings.  This  represents  a total  of 
278  million  kg  of  tailings  or  about  1 percent  of  the  total  annual 
discharge  during  the  early  part  of  the  80,000  ton  per  day  (tpd)  phase 

of  the  project.  The  circulation  model  predicted  that,  as  Smeaton  Bay 

is  filled,  the  circulation  in  the  fjord  will  become  restricted  and  the 
amount  of  tailings  fines  over  the  sill  will  decrease  (Kowalik  and 
Findikakis  1985).  Therefore,  as  Smeaton  Bay  is  filled  with  tailings 
the  amount  of  fines  leaving  the  fjord  will  decrease.  The  text 
(Section  4.1.6)  has  been  revised  to  indicate  that  up  to  about  1 percent 
of  the  total  discharge  might  flow  out  of  Smeaton  Bay. 

A similar  calculation  for  Boca  de  Quadra  is  not  possible  because  of  the 
complex  nature  of  the  Kite  Island  sill  area.  Currents  in  this  area  are 
much  higher.  Net  currents  to  the  northeast  of  the  island  are  inward 
while  currents  to  the  southwest  of  the  island  are  outward  (Nebert 

1984).  A good  quality  bathymetric  map  of  the  sill  region  is  not 

available.  However,  because  the  forces  driving  the  circulation  of  both 
Boca  de  Quadra  and  Smeaton  Bay  fjords  are  similar,  it  can  be  expected 
that  about  the  same  amount  of  tailings  (1  percent)  will  leave  the 
middle  basin  of  Boca  de  Quadra  and  be  distributed  throughout  the  outer 
basin.  One  may  note  the  similarity  in  tailings  concentrations  in  the 
sill  regions  in  Figures  4-10  and  4-13. 

Several  commentors  expressed  concern  that  Smeaton  Bay  may  not  have  the 
storage  capacity  to  hold  all  of  the  discharged  tailings  (261/4, 

252/5).  The  Forest  Service  and  EPA  have  reached  different  conclusions 
on  this  point.  The  EPA  position  is  explained  in  Section  R-12.1,  page 
R-76.  The  Forest  Service  interpretation  of  the  data  indicates  that 
Smeaton  Bay  has  more  than  enough  storage  capacity  for  the  tailings. 

The  sedimentation  model  for  Smeaton  Bay,  which  incorporated 
cross-sectional  information  for  the  fjord  (Findikakis  1985),  was  used 
to  estimate  the  storage  capacity  of  Smeaton  Bay.  All  of  the  below-sill 
volume  of  the  bay,  as  well  as  some  of  the  above-sill  storage  volume  in 
the  upfjord  end  of  Wilson  Arm,  would  be  filled  with  tailings  by  the  end 
of  the  project.  The  model  indicates  that  at  a constant  discharge  rate, 
a significant  amount  of  tailings  would  not  escape  Smeaton  Bay  until 
year  70.  The  total  discharge  in  55  years  would  be  1.5  billion  tons  and 
the  total  discharge  in  70  years  would  be  1.93  billion  tons.  Therefore, 
of  the  volume  available  for  storage  in  Smeaton  Bay,  only  78  percent 
would  be  occupied  by  tailings  by  the  end  of  the  project  in  year  55. 

A 5 percent  error  in  the  total  volume  of  tailings  discharge  is  possible 
because  of  uncertainties  in  the  in  situ  tailings  density.  In  this 
case,  the  percentage  of  available  storage  volume  in  Smeaton  Bay 
occupied  by  tailings  at  the  end  of  the  project  (year  55)  would  be 
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82  percent,  which  still  does  not  indicate  an  overfilled  condition. 
Section  4. 1.6. 5,  discussing  the  Smeaton  Bay  discharge,  has  been  revised 
to  reflect  this  estimate. 

R-l .3  Modeling 

One  commentor  (261/3)  requested  clarification  on  how  the  mathematical 
models  were  used  in  the  analysis  of  disposal  alternatives.  The 
questions  presented  in  this  comment  have  been  addressed  in  the  EIS 
text,  Sections  4. 1.1. 2,  4. 1.6. 3,  and  4. 1.6. 5.  In  addition.  Appendix  F 
now  includes  a detailed  discussion  of  the  modeling  perfomed  for  the 
project. 

One  commentor  (152/5)  noted  that  the  circulation  ( i . e . , flushing)  of 
fines  is  expected  to  be  more  effective  in  Smeaton  Bay  than  Boca  de 
Quadra,  where  such  circulation  would  be  more  limited.  We  agree  with 
the  commentor.  Another  commentor  (156/13)  took  issue  with  our  model 
interpretation,  which  concludes  that  the  fjord  flushing  effect  will 
decrease  over  time  as  the  fjord  bottom  is  filled  with  tailings.  We 
agree  that  interpretations  derived  from  the  models  must  be  viewed  with 
caution.  However,  we  maintain  that  the  models  present  the  best 
indication  of  the  impacts  to  the  fjord  resulting  from  tailings  disposal. 

The  appropriateness  of  using  modeling  results  from  an  inner  basin  Boca 
de  Quadra  tailings  discharge  to  represent  the  impacts  of  a central 
basin  only  discharge  was  noted  by  one  commentor  (261/1,2,8).  The 
commentor  specifically  questioned  the  assumption  that  "the  plume  from 
an  inner  basin  discharge  will  be  similar  to  that  of  a direct  middle 
basin  discharge"  and  stated  a model  similar  to  that  for  Wilson  Arm  may 
be  more  applicable.  In  a related  comment  (252/9),  it  was  stated  that 
the  middle  basin  is  the  "legally  required  choice"  of  disposal  sites 
under  the  Alaska  National  Interest  Lands  Conservation  Act  of  1980 
( ANILCA)  and,  therefore,  the  middle  basin  must  be  extensively  modeled. 

We  disagree  that  middle  basin  discharge  is  necessary,  or  that 
additional  middle  basin  discharge  modeling  is  required.  Discharge  of 
tailings  to  the  inner  basin  of  Boca  de  Quadra  was  simulated  during  the 
original  modeling  effort  with  the  sedimentation  and  deposition  model. 

The  model  was  run  until  the  density  current  flowed  over  the  inner  basin 
sill  and  into  the  central  basin.  The  central  basin  was  then  modeled  by 
representing  the  flow  over  the  inner  basin  sill  as  a discharge  on  the 
outside  of  the  sill  (Figure  R-l).  Although  a direct  middle  basin 
discharge  was  not  modeled,  the  case  representing  discharge  to  the 
central  basin  after  the  inner  basin  is  filled  is  sufficient  to  indicate 
the  patterns  of  impact.  This  is  primarily  because  the  volume  of 
tailings  originally  modeled  to  be  deposited  in  the  inner  basin  is 
small,  when  compared  to  the  total  below-sill  volume  of  the  middle 
basin,  only  5 percent.  The  extra  5 percent  of  tailings  spread  out  over 
the  entire  bottom  of  the  middle  basin  would  not  appreciably  change  the 
predicted  depositional  profiles. 

The  circulation  model  was  used  to  evaluate  the  discharge  alternatives. 

As  described  in  the  main  text  of  the  EIS,  model  runs  were  made 
simulating  the  existing  circulation  (Figure  3-11)  and  hydrography 
(Figure  4-8a)  of  the  fjord,  as  well  as  the  distribution  of  tailings 
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fines  for  an  inner  basin  discharge  (Figure  4-7a)  and  a middle  basin 
discharge  (Figure  4-10).  These  runs  assumed  that  tailings  discharge 
had  not  made  substantial  modifications  to  the  bathymetry  of  the  fjord. 
Impacts  of  tailings  discharge  near  the  end  of  the  project  were  also 
made  (circulation  Figure  4-9;  hydrography  Figure  4-8b;  tailings 
distribution  Figure  4-7b).  In  this  case,  the  bathymetry  of  Boca  de 
Quadra  was  modified  as  predicted  for  the  inner  basin  discharge. 

Although  limited,  this  case  is  sufficient  to  indicate  the  impacts 
resulting  from  a middle  basin  only  discharge.  The  inner  basin 
discharge  case  may  be  used  to  simulate  a middle  basin  discharge  case 
for  several  reasons.  The  1-km  grid  spacing  of  the  circulation  model 
does  not  have  the  resolution  necessary  to  account  for  the  additional 
volume  of  tailings  for  the  middle  basin  only  case.  With  a middle  basin 
only  discharge,  the  storage  volume  of  the  basin  is  reduced  by  an 
additional  5 percent  and  the  driving  mechanism  for  circulation  in  the 
inner  basin  will  remain  unaffected.  Therefore,  the  circulation  in  the 
inner  basin  will  not  change  because  of  a middle  basin  only  discharge. 

We  believe  these  estimates  are  the  best  possible  using  the  available 
information.  They  are  more  justifiable  than  using  the  models  from 
Wilson  Arm/Smeaton  Bay,  an  area  having  entirely  different  bathymetric 
and  oceanographic  conditions.  We  have  made  changes  in  the  text  of 
Appendix  G,  Section  11-2  to  clarify  methods  used  in  estimating  plume 
distribution. 

One  commentor  (262/3)  requested  that  the  Forest  Service  address  the 
confidence  levels  associated  with  the  modeling  efforts  for  the  tailings 
disposal  in  Wilson  Arm/Smeaton  Bay.  The  modeling  efforts  are  based  on 
numerous  assumptions  and  limitations  that  are  described  in  the  EIS. 
These  define  the  usefulness  of  the  model.  It  is  believed  that  these 
modeling  efforts  provide  the  best  tool  available  for  predicting  impacts 
to  the  fjord.  Based  on  these  efforts,  the  results  provide  a reasonable 
scenario  of  the  behavior  of  the  tailings  following  underwater 
disposal.  As  with  any  modeling  effort,  a degree  of  uncertainty  about 
results  exists  related  to  the  quality  of  the  assumptions  and  the  number 
of  limitations  imposed.  Therefore,  U.S.  Borax  has  agreed  to  a 
monitoring  plan  to  verify  modeling  results.  Borax  has  also  agreed  to 
contingency  plans  to  modify  operational  procedures  in  the  event  that 
actual  experience  does  not  conform  with  expectations  based  on  the 
modeling  results. 

R-l  .4  Wilderness  and  Visual  Impacts 

Several  commentors  were  concerned  with  the  visual  and/or  wilderness 
impacts  of  ancillary  facilities  (tunnel,  road,  or  pipeline)  and 
activity  (construction,  maintenance,  monitoring)  related  to  tailings 
disposal.  Most  commentors  expressed  a locational  preference  for 
tailings  disposal  in  Wilson  Arm  or  Boca  de  Quadra,  depending  on  the 
physical  attributes  they  valued  most. 

One  commentor  (93/1)  stated  that  the  impacts  of  the  Boca  de  Quadra 
tailings  disposal  alternative  involve  more  than  the  visual  and 
aesthetic  effects  associated  with  the  tunnel  portal  being  situated  in 
the  wilderness  area.  The  commentor  noted  additional  effects  including 
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wilderness  acreage  that  would  be  disturbed  by  land  disposal  of  the 
tunnel  rock,  the  general  disturbance  from  operation  and  monitoring  of 
the  discharge  operation,  and  the  disturbance  associated  with  the 
transport  of  materials  and  personnel  to  the  portal  area  during  the 
55-year  mine  life.  The  commentor  summarized  the  concern  by  requesting 
that  all  detrimental  impacts  be  avoided  if  a reasonable  alternative  is 
available. 

Impacts  associated  with  the  Boca  de  Quadra  tailings  disposal 
alternative  mentioned  above,  in  addition  to  the  specific  visual  and 
aesthetic  resource  issues,  are  addressed  throughout  the  EIS  and  in 
Section  II  of  Appendix  A.  We  agree  with  the  commentor,  and  the 
preference  to  avoid  all  possible  detrimental  impacts  to  the  wilderness 
is  apparent  in  the  Preferred  Alternative  statement  that  is  located  in 
the  Summary  section  of  the  Final  EIS.  This  statement  reflects  the 
preference  of  the  Forest  Service  for  the  Wilson  Arm  tailings  disposal 
alternative  so  that  impacts  of  the  mine  development  are  confined  to  a 
single  drainage  and  impacts  on  wilderness  values  can  be  reduced. 

One  commentor  (152/6)  questioned  the  logic  of  the  Environmental 
Protection  Agency's  (EPA)  preference  for  the  Boca  de  Quadra  tailings 
disposal  alternative  in  light  of  their  proposal  to  mitigate  its 
accompanying  impacts  through  agency  actions.  The  commentor  notes  that 
with  essentially  the  same  marine  impacts  of  the  two  disposal  scenarios, 
the  opportunity  exists  to  limit  impacts  to  a single  drainage  basin  and, 
therefore,  eliminate  the  need  to  mitigate  wilderness  impacts.  Another 
commentor  (244/6)  emphasized  the  need  to  continue  to  give  full 
consideration  to  avoiding  impacts  to  more  than  one  drainage  basin  and 
avoiding  impacts  to  the  wilderness  areas,  as  these  issues  were  prime 
arguments  in  the  early  stages  of  the  project  and  continue  to  be  valid 
concerns. 

We  agree  that  it  is  of  great  importance  to  minimize  and,  if  possible, 
eliminate  impacts  to  the  wilderness  area.  Following  a full  evaluation 
of  the  environmental  consequences  of  the  two  tailings  disposal 
alternatives,  the  Forest  Service  has  determined  that  it  is  possible  to 
eliminate  direct  wilderness  impacts  associated  with  tailings  disposal 
and,  hence,  has  recommended  the  Wilson  Arm  tailings  disposal  project 
configuration. 

One  commentor  (251/1)  stated  that  there  is  no  discussion  of  wilderness 
values  or  the  wilderness  resource  as  defined  by  law,  as  is  called  for 
under  the  provisions  of  ANILCA  and  the  Wilderness  Act.  The  commentor 
further  suggested  that  a number  of  long-term  impacts  on  the  wilderness 
could  be  minimized  by  having  a wilderness  specialist  review, 
on-the-ground,  the  wilderness  values  and  potential  impacts. 

The  commentor  is  referred  to  Section  3.0  of  the  EIS  where  discussions 
of  discrete  components  of  the  Affected  Environment  are  located. 
Subsection  3.3.5,  Wilderness,  provides  a detailed  discussion  of  the 
value  of  wilderness  areas,  plus  the  intent  of  the  Wilderness  Act  and 
provisions  of  ANILCA  that  have  set  aside  wilderness  areas  to  be 
preserved.  This  subsection  further  discusses  the  measurable  wilderness 
value  components  (e.g.,  natural  integrity,  apparent  naturalness, 
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opportunities  for  solitude,  opportunities  for  primitive  recreation,  and 
supplemental  attributes  such  as  ecological,  geological,  scenic,  and 
cultural  values)  and  the  correlation  between  these  measurable  values 
and  the  attributes  that  characterize  the  Misty  Fiords  Wilderness. 
Section  4.3.5  discusses  projected  project  impacts  upon  these  wilderness 
values.  Analysis  by  a different  specialist  would  not  contribute  to  the 
evaluation  of  the  environmental  consequences  of  the  project  upon  the 
wilderness,  beyond  what  is  discussed  in  Subsection  4.3.5,  nor  would  it 
have  any  effect  on  the  level  of  impacts  on  wilderness  resources. 

Recognition  of  the  responsibility  of  the  Forest  Service  to  protect  the 
resources  of  the  Misty  Fiords  Wilderness  is  apparent  not  only  in  the 
Service's  implementation  of  the  National  Environmental  Policy  Act 
(NEPA)  process  through  the  preparation  of  this  environmental  impact 
statement,  but  also  in  the  recommendation  of  a project  configuration 
(Wilson  Arm  tailings  disposal)  that  would  eliminate  project  impacts 
within  the  wilderness  boundary.  The  Service's  recommendation  follows  a 
comprehensive  evaluation  of  project  impacts  and  reflects  its 
responsibility  to  preserve  the  designated  wilderness  area. 

Two  commentors  (176/4,  206/3)  objected  to  the  conclusion  that  locating 
the  tailings  disposal  in  Wilson  Arm  would  reduce  impacts  on  the 
wilderness,  when,  in  fact,  the  entire  project  will  be  located  in  the 
middle  of  the  wilderness  area.  One  of  these  commentors  stated  that  if 
it  makes  sense  to  locate  such  a project  in  the  middle  of  a wilderness, 
then  it  makes  as  much  sense  to  locate  the  tailings  disposal  in  Boca  de 
Quadra  where  it  reduces  the  risk  to  a renewable  resource  (fisheries). 

The  terms  “wilderness"  and  "wilderness  values"  used  in  this  EIS  relate 
specifically  to  the  land  area  designated  for  protection  by  Congress 
under  the  Wilderness  Act  rather  than  to  a pristine  environmental 
setting.  The  mine  site,  while  surrounded  by  the  Misty  Fiords  National 
Monument  Wilderness,  is  not  actually  part  of  the  wilderness,  nor  is  the 
Wilson  Arm  tailings  outfall  (see  Figure  2-1  of  the  EIS).  Only  the  Boca 
de  Quadra  tailings  disposal  alternative  involves  the  construction  of 
facilities  in  the  wilderness  itself  (see  Figure  2-2  of  the  EIS). 

The  Forest  Service  is  required,  through  the  Wilderness  Act  and  ANILCA, 
to  minimize  adverse  effects  on  wilderness.  While  the  wilderness 
impacts  of  tailings  disposal  in  Boca  de  Quadra  are  not  represented  in 
the  Revised  DEIS  as  being  very  significant,  such  impacts  would  be 
distinctly  present  for  the  Boca  de  Quadra  alternative  and  not  for  the 
Wilson  Arm  alternative.  Tailings  disposal  in  Wilson  Arm  is  therefore 
clearly  consistent  with  the  requirement  to  minimize  wilderness  impacts. 

Three  commentors  (252/6,  171/2,  235/1)  raised  similar  issues  regarding 
impacts  to  fisheries  and  values  of  the  Monument.  One  commentor  (252/6) 
stated  that  "under  the  more  reasonable  EPA  prediction  that 
substantially  less  environmental  impact  would  result  from  disposal  in 
Boca  de  Quadra  (impacting  a small  and  localized  segment  of  the 
wilderness  area)  than  in  Wilson  Arm,  the  middle  basin  alternative  is 
more  in  accordance  with  wilderness  values  (particularly  since  the 
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entire  mine  project  is  in  the  center  of  Misty  Fiords  Monument 
Wilderness)."  The  commentor  also  suggested  that  the  Forest  Service 
position  for  a preference  for  tailings  disposal  in  Wilson  Arm  lacks 
merit  because  tailings  disposal  in  this  water  body  will  preclude  an 
underwater  transmission  intertie,  thereby  forcing  the  selection  of  an 
overland  route  (with  its  environmental  consequences)  through  the 
wilderness. 

As  noted  in  the  previous  response,  the  Boca  de  Quadra  alternative  would 
involve  negative  effects  on  wilderness  values  that  the  Forest  Service 
is  obligated  to  avoid,  if  possible.  Further,  as  noted  in  both  the 
Revised  DEIS  and  the  Final  EIS,  there  is  little  difference  in  effects 
to  the  marine  environment  between  the  two  tailings  disposal 
alternatives.  With  respect  to  the  intertie,  the  commentor  is  referred 
to  responses  in  Section  R-6,  Transmission  Line. 

One  commentor  (35/2)  expressed  concern  regarding  the  significance  of 
the  visual  and  aesthetic  effects  of  the  tunnel  portal  on  Boca  de 
Quadra's  shoreline.  The  comment  further  pointed  out  the  "significant 
clearing,  excavation,  and  concrete  construction,"  as  well  as 
"temporary,  and  perhaps  permanent,  access  to  the  area"  that  would  be 
required  to  develop  the  tunnel  portal.  The  commentor  discusses  the 
undoubted  visible  evidence  of  construction  activity  to  visitors  to  Boca 
de  Quadra. 

Aesthetic  impacts  are  addressed  in  Section  4.3.7,  page  4-272  of  the 
Revised  DEIS  under  the  heading.  Tailings  Disposal  in  Boca  de  Quadra. 
This  subsection  discusses  approximate  acreage  that  will  be  disturbed  to 
accommodate  construction  of  the  tunnel  portal,  the  inconsistency  of  the 
proposed  activities  with  the  Forest  Service  goals  for  managing  the 
visual  quality  of  the  shoreline  landscapes  of  Boca  de  Quadra,  and  the 
moderately  significant  visual  impact  classification  that  has  been 
assigned  to  this  project  alternative.  We  agree  with  the  commentor  that 
the  tunnel  portal  would  be  very  noticeable  to  visitors  to  Boca  de 
Quadra.  It  was  the  comparatively  small  extent  of  area  disturbed  that 
led  to  the  moderately  significant  (rather  than  very  significant)  impact 
rating. 

One  commentor  (260/2)  expressed  a preference  for  the  recreational 
opportunities  of  Boca  de  Quadra  in  comparison  to  those  of  Smeaton  Bay. 
The  commentor  attributed  the  preference  to  the  presence  of  interesting 
features  such  as  an  old  cannery,  a fish  hatchery,  numerous  islands  and 
beaches,  an  interesting  drift,  and  the  evidence  of  previous  use  of  the 
area  (primarily  at  the  mouth  of  the  Keta  River)  by  Indian  cultures. 

The  commentor  then  stated  a preference  for  the  Wilson  Arm/Smeaton  Bay 
tailings  disposal  alternative  based  on  keeping  all  development 
activities  in  one  bay  and  leaving  the  other  (Boca  de  Quadra)  in  its 
"natural  state."  The  commentor's  preference  for  tailings  disposal  in 
Wilson  Arm  is  acknowledged,  and  is  consistent  with  the  Forest  Service 
preference  for  Wilson  Arm  disposal  and  corresponding  minimization  of 
wilderness  impacts. 
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R-l .5  General  Tailings  Disposal  Comments 

Several  other  comments  were  received  regarding  tailings  disposal.  Most 
addressed  impacts  related  to  the  tailings  pipeline  or  requested  further 
consideration  of  on-land  tailings  disposal.  Other  comments  concerned 
impacts  to  diving  birds  and  possible  beneficial  impacts  on  shallow 
basin  habitat. 

One  commenter  (181/12)  inquired  about  the  polypropylene  entering  the 
marine  environment  as  a result  of  sloughing  from  the  plastic  pipes.  We 
believe  there  is  little  or  no  cause  for  concern  about  sloughing  or 
leaching  of  polypropylene.  Polypropylene  is  inert  and  largely  nontoxic 
in  the  marine  environment.  Considerable  backing  in  the  scientific 
literature  includes  the  work  by  Sneitzer  (1986),  who  used  polypropylene 
fibers  to  construct  an  artificial  fish  habitat  and  reported  that  it  was 
safe  and  presented  no  potential  for  pollution.  Khlopova  et  al . (1981) 
used  polypropylene  fibers  to  simulate  plant  strands,  and  found  that 
eggs  deposited  by  fish  were  not  traumatized  by  the  substrate,  and  noted 
that  the  artificial  substrate  was  highly  resistant  to  wear,  presenting 
little  or  no  pollution  threat.  Any  potential  for  toxicity  will  depend 
on  the  specific  formulation  used.  If  potentially  toxic  dialkyl 
phthalates  or  other  plasticizers  were  included  with  the  piping  in 
significant  quantities,  for  example,  the  toxic  potential  could  be 
increased  as  a result  of  leaching  of  phthalates  into  receiving  waters. 
However,  while  they  do  not  biodegrade,  minute  fibers  of  abraded  pipe 
material  are  insignificant  in  the  context  of  the  receiving 
environment.  Sloughing  of  these  compounds  does  not  present  cause  for 
concern. 

One  commentor  (137/1)  expressed  concern  over  potential  pollution 
resulting  from  the  use  of  diesel  oil  during  the  recovery  of 
molybdenum.  The  seven-barrel -per-day  figure  cited  by  the  commentor 
appears  to  be  in  error,  as  U.S.  Borax  (1983a,  page  8-40)  reports  that 
diesel  oil  used  to  process  ore  will  accompany  the  molybdenite 
concentrate  and  will  not  be  disposed  with  the  tailings.  The  actual 
discharge  into  the  fjord  represents  a diesel  oil  discharge 
concentration  of  0.01  ppm  in  the  seawater/tailings  slurry.  Diluted  at 
a 1:1  ratio,  this  would  correspond  to  7.1  lb/day.  Discharge 
concentrations  on  the  order  of  0.01  ppm  are  not  expected  to  exceed  the 
predicted  "no  effect"  concentration  of  diesel  oil  for  chronic  toxicity 
to  aquatic  life.  Petroleum  hydrocarbon  residues  discharged  into  fjords 
are  expected  to  readily  degrade  over  time,  especially  the  lower 
molecular  weight  fraction  found  in  diesel  oil. 

The  National  Marine  Fisheries  Service  (NMFS)  (181/4)  stated  that  the 
probability  and  frequency  of  ruptures  in  the  tailings  pipeline  and 
malfunctions  of  the  tailings  discharge  apparatus  are  not  adequately 
addressed  in  the  Revised  DEIS.  The  commentor  requested  the  running  of 
a spill  frequency  and  effects  model  to  estimate  potential  impacts, 
presumably  on  salmon  populations.  In  response  to  this  comment,  a 
worst-case  analysis  was  performed  for  three  spill  scenarios  using 
existing  information:  1)  a pipeline  rupture  near  the  middle  section  of 

Tunnel  Creek,  2)  a pipeline  rupture  near  the  mouth  of  Tunnel  Creek  at 
Wilson  estuary,  and  3)  a rupture  in  the  tailings  pipeline  along  Wilson 
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Arm.  The  first  scenario  appears  to  be  the  worst,  as  the  ultimate 
effect  could  be  the  loss  of  about  27,000  returning  adult  salmon.  This 
impact  scenario  has  been  added  to  Appendix  G at  the  end  of  Section  16-C 
(Biological  Effects  Assessment).  However,  this  worst  case  expression 
of  salmonid  vulnerability  greatly  exaggerates  the  real  risks  to  the 
fishery,  because  the  likelihood  of  a spill  approaches  zero. 

New  information  about  tailings  pipeline  wear  characteristics , pipeline 
monitoring  and  maintenance,  and  spill  containment  systems  has  been 
provided  by  U.S.  Borax.  Collectively,  this  information  indicates  that 
the  risk  of  pipeline  rupture  is  lower  than  previously  understood,  that 
methods  for  detecting  a rupture  have  improved,  and  that  spill 
containment  measures  would  be  adequate  to  prevent  tailings  from 
reaching  sensitive  aquatic  environments.  Given  these  considerations, 
the  risk  to  aquatic  populations  is  insignificant.  A full  discussion  of 
spill  likelihood  and  containment  has  been  added  to  Appendix  G, 

Section  16-B  (Risks  of  Breaks  in  Mill  Tailings  Pipelines).  Section 
4. 2. 1.4  has  also  been  appropriately  revised. 

One  commentor  (252/14)  stated  that  the  Revised  DEIS  did  not  address 
adequately  the  mitigation  associated  with  wear  in  the  mill  tailings 
pipes.  This  commentor  noted  in  Appendix  G,  Section  16-B,  that  an 
expected  lifetime  for  a mill  tailings  pipe  was  from  4 months  to  3 
years.  This  estimated  pipe  lifetime,  although  incorrect,  led  the 
commentor  to  request  an  assessment  of  alternative  pipeline  materials 
and  possible  effects  that  they  may  have  on  the  regional  environment  as 
a result  of  internal  wear.  There  are  two  elements  to  our  response. 
First,  the  estimated  lifetime  of  the  tailings  pipe  is  at  least  10 
years,  instead  of  3 years  or  less  mentioned  in  the  Revised  DEIS.  The 
new  estimate  is  based  on  U.S.  Borax's  more  recent  experiences  with 
using  high  density  polypropylene  pipes  for  carrying  mill  tailings.  It 
is  reasonable  to  assume  that,  given  this  reduced  wear  rate,  particulate 
concentrations  of  polypropylene  in  the  disposed  tailings  would  not  be 
sufficient  to  adversely  affect  aquatic  organisms.  Polypropylene  is 
chemically  inert,  and  its  physical  properties  do  not  pose  a significant 
risk  to  aquatic  habitats  at  concentrations  expected  from  long-term 
internal  pipe  wear. 

Second,  the  assessment  of  risk  to  aquatic  environments  resulting  from  a 
tailings  pipeline  rupture  has  been  substantially  revised.  This 
revision  appears  in  Appendix  G,  at  the  end  of  Section  16-B,  along  with 
a new  statement  about  the  expected  lifetime  of  the  tailings  pipes.  The 
risk  assessment  acknowledges  a containment  system  for  spilled  mill 
tailings  that  would  prevent  their  uncontrolled  discharge  into  aquatic 
environments.  Given  this  containment  system,  inclusive  of  parallel 
trenches  and  catch  basins,  the  likelihood  of  spilled  tailings  reaching 
unplanned  disposal  sites  is  insignificant.  Additionally,  the 
monitoring  systems  to  be  used  for  internal  wear  and  rupture  detection 
will  allow  appropriate  measures  to  be  taken  in  advance  of  serious 
releases  of  spilled  tailings.  These,  too,  are  discussed  in  Appendix  G, 
Section  16-B. 
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The  NMFS  (181/8)  noted  an  error  in  referencing  Section  4. 1.6. 2 for 
discussion  of  pipeline  ruptures  because  pipeline  rupture  impacts  were 
not  discussed  in  the  referenced  section.  In  addition,  the  commentor 
felt  that  such  a rupture  has  potential  for  affecting  a yearclass  of 
salmon  if  it  were  to  occur  during  a spring  phytoplankton  bloom.  In 
response  to  the  editorial  comment,  the  text  has  been  corrected  to  refer 
to  Section  4. 2. 1.4  for  pipeline  rupture  discussions.  Concerning  the 
comment  on  phytoplankton,  impacts  on  spring  phytoplankton  blooms  are 
not  considered  nearly  as  serious  as  direct  impacts  on  salmon 
populations,  as  discussed  above  in  response  to  comment  181/4.  Given 
this  extensive  discussion  on  direct  impacts,  and  the  extremely  small 
likelihood  of  their  occurrence,  additional  discussion  of  potential 
impacts  on  phytoplankton  blooms  is  not  necessary. 

Several  commentors  (90/1  , 108/1  , 171/1  , 173/1  , 174/1  , 190/1  , 206/1  , 
240/1,  252/3,  263/1)  requested  further  study  or  explanation  of  on-land 
tailings  disposal.  On-land  tailings  disposal  has  been  addressed  in  EIS 
text  Sections  2.5.3,  4.1,  and  4.2;  and  Appendix  A,  Section  III.F.5. 
On-land  tailings  disposal  would  completely  eliminate  the  salmon 
spawning  area  in  Tunnel  and  Aronitz  Creeks  (about  1.4  percent  of  the 
project  area  salmon  production).  This  complete  and  irrevocable  loss  is 
much  more  significant  than  the  expectation  of  no  impacts  associated 
with  marine  tailings  disposal.  On-land  tailings  disposal  would  require 
huge  dams  to  contain  the  tailings.  Those  tailings  dams  would  be  some 
of  the  highest  dams  in  Alaska,  and  they  would  have  major  adverse  visual 
effects.  If  the  dams  were  breached  due  to  an  earthquake,  the 
consequences  downstream  would  be  catastrophic.  Even  a very  large 
rainfall  could  cause  serious  water  quality  impacts.  The  on-land 
tailings  alternative  would  eliminate  more  area  of  vegetation  and 
wildlife  habitat  than  all  the  rest  of  the  project  components  together. 
Backfilling  the  mine  with  tailings  is  not  feasible  due  to  the  way  the 
mine  must  be  operated  and  because  the  volume  of  tailings  would  be 
larger  than  the  pit  from  which  the  ore  was  removed.  The  impacts  of  the 
tailings  reservoirs  would  occur  even  with  backfilling. 

The  environmental  consequences  of  on-land  tailings  disposal  have  been 
determined  to  be  larger  than  marine  tailings  disposal,  even  without 
considering  economics.  This  conclusion  was  not  questioned  by  any  of 
the  regulatory  agencies  that  commented  on  the  DEIS  or  Revised  DEIS. 

The  NMFS  commented  (181/14)  that  dumping  of  tailings  into  the  deep 
middle  basin  of  Boca  de  Quadra  would  have  less  impact  on  diving  birds 
and  mammals.  We  disagree  with  this  comment.  The  mechanisms  by  which 
diving  birds  or  mammals  might  be  impacted  by  tailings  appear  to  fall 
into  two  categories.  Direct  impacts  would  occur  if  tailings  toxicity 
could  affect  diving  birds  or  mammals  or  if  turbidity  caused 
disorientation  or  other  effects.  Indirect  effects  would  occur  if  the 
prey  of  diving  birds  or  mammals  are  reduced  in  numbers  or  availability 
or  become  toxic.  Tailings  will  not  be  acutely  toxic  and  toxic  metals 
will  not  bioaccumulate  or  biomagnify  (Appendix  G,  Section  12). 
Therefore,  the  brief  excursions  into  a tailings  plume  that  would  be  the 
worst  exposure  imaginable  for  diving  birds  or  mammals  would  not  have 
toxic  effects,  and  the  prey  species  would  not  become  toxic  by 
bioaccumulation  or  biomagnification  of  metals.  Tailings  are  not 
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expected  to  affect  the  upper  water  column  of  either  fjord  where  most 
food  organisms  occur,  because  the  mechanisms  to  move  tailings  into  the 
upper  waters  could,  at  worst,  be  brief  and  local.  As  a result,  no 
effects  on  diving  birds  or  mammals  are  envisioned  for  either  fjord 
under  worst-case  conditions. 

One  commentor  (56/1)  stated  that  Wilson  Arm/Smeaton  Bay  should  be  the 
preferred  alternative  for  tailings  discharge  based  on  minimal 
environmental  impacts  and  ecological  benefits  of  a discharge  into  a 
shallower  basin.  This  commentor  also  presented  several  document 
citations  that  he  stated  helped  confirm  his  opinions.  The  cited 
documents  have  been  reviewed.  Although  these  articles  present  some  new 
information,  the  inclusion  of  this  information  into  the  Final  EIS  will 
not  substantially  change  the  discussion  presented  and,  therefore,  are 
not  being  included.  However,  we  concur  with  the  conclusion  that  Wilson 
Arm/Smeaton  Bay  should  be  the  preferred  alternative. 

R-2  TAILINGS  TOXICITY 


Numerous  comments  addressed  the  toxicity  of  the  tailings.  Subsection 
R-2.1  includes  comments  and  responses  concerning  state  and  federal 
water  quality  standards,  particularly  the  EPA's  Total  Recoverable 
copper  standard.  This  subsection  also  includes  comments  concerning  the 
proposed  seawater  to  tailings  ratio,  because  the  ratio  affects  the 
concentration  of  metals  in  the  discharge  and  thereby  affects  whether 
the  receiving  waters  meet  water  quality  standards  after  the  addition  of 
the  tailings.  Subsection  R-2. 2 focuses  on  the  bioavailability  of 
toxins;  that  is,  of  the  amount  of  toxic  metals  found  in  the  discharge, 
how  much  is  in  a chemical  state  which  can  affect  fish  and  other  marine 
organisms?  Comments  pertaining  to  reagents  are  discussed  in  Subsection 
R-2. 3.  Other  miscellaneous  tailings  toxicity  comments  are  addressed  in 
Subsection  R-2. 4. 

R-2.1  Water  Quality  Standards 

One  commentor  (148/1)  requested  clarification  in  the  EIS  regarding  the 
proposed  initial  dilution  of  tailings  in  seawater  at  the  point  of 
tailings  disposal.  The  dilution  ratios  discussed  in  the  Revised  DEIS 
on  pages  A-39  and  2-6  are  based  on  pilot  plant  testing,  and  varied  from 
4:1  to  1:1.  Ratios  of  seawater  to  tailings  (freshwater  slurry  from  the 
mill  at  40  to  50  percent  solids  by  weight)  in  the  range  of  4:1  to  5:1 
may  be  more  representative  of  actual  tailings  discharge  to  the  fjord 
floor  (mixture  of  seawater  slurry  from  the  mill).  Similar  tailings 
disposal  systems  are  currently  being  designed  with  up  to  a 6:1  ratio. 
The  final  ratio  has  not  been  determined;  thus,  analyses  were  performed 
assuming  the  worst-case  1:1  ratio. 

The  same  commentor  (148/3,10)  noted  that  increasing  the  seawater  to 
tailings  ratio  from  1:1  to  5:1  would  greatly  reduce  the  resulting 
dissolved  copper  concentrations,  and  that  the  tailings  should  be 
further  diluted  to  reduce  toxicity  to  recreational ly  important  fish 
species.  He  commented  that  initial  copper  concentrations  estimated 
from  bench-scale  and  pilot-plant  tests  are  considerably  lower  than  the 
11.87  ug/1  cited  in  Table  4-8  of  the  Revised  DEIS.  Another  commentor 
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(244/5)  noted  that  the  1:1  seawater  to  tailings  ratio  used  to  produce 
the  11.87  ug/1  initial  dissolved  copper  concentration  was  artificially 
low,  and  that  the  latest  results  from  the  pilot  plant  shows  a more 
credible  range  of  0.219  to  1.19  ug/1.  We  agree  with  these  comments; 
the  predischarge  dilution  factor  of  1:1  seawater  to  tailings  is 
conservatively  low,  and  does  not  reflect  the  most  recent  pilot  plant 
results.  Jain  and  Kennedy  (1984)  studied  three  levels  of  seawater  to 
tailings  ratio  (1:1,  2:1,  and  4:1),  and  found  that  the  integrity  of  the 
tailings  plume  was  maintained  at  all  three  levels.  Increased 
predilution  would  reduce  projected  initial  concentrations  of  copper 
within  the  mixing  zone  to  nontoxic  levels.  Borax  has  stated  its 
willingness  to  use  a seawater  to  tailings  ratio  of  4:1  or  even  6:1, 
which  would  reduce  initial  dissolved  copper  concentrations  still 
further.  The  effect  of  a higher  dilution  ratio,  such  as  6:1,  would  be 
to  dilute  the  recoverable  copper  concentration  up  to  six-fold, 
producing  a copper  concentration  of  1.98  ug/1  at  the  point  of  initial 
discharge  and  dilution  ( i . e . , within  the  mixing  zone).  Concentrations 
of  this  level  would  not  be  sufficient  to  induce  toxicity  according  to 
the  EPA  water  quality  criterion  for  copper  toxicity  ( i . e . , 2.9  ug/1). 

The  same  commentor  (148/9)  expressed  further  concern  that  the  EPA 
toxicity  criteria  are  too  conservative  and  may  not  be  reflective  of 
concentrations  at  which  mortality  of  marine  organisms  will  actually 
occur.  Another  commentor  (266/3)  noted  that  the  2.9  ug/1  acute 
toxicity  value  for  copper  should  be  investigated  on  a site-specific 
basis.  The  issue  is  not  whether  toxicity  will  occur  to  all  exposed 
organisms.  The  issue  is  whether  the  saltwater  final  chronic  value  of 
2.9  ug/1  will  be  protective  of  marine  organisms  and  their  uses.  The 
2.9  ug/1  is  the  estimate  of  the  safe  level  for  chronic  exposure  of 
marine  species  to  copper,  and  it  is  based  on  copper's  chronic  toxicity 
to  the  bay  mussel  Mytilus  edulis,  a marine  organism  that  occurs  in  the 
fjords.  The  commentor  is  correct  in  stating  that  the  2.9  ug/1  may  not 
always  be  toxic  to  local  species.  U.S.  Borax  has  the  prerogative  of 
developing  site-specific  data  which  could  be  used  to  develop 
site-specific  water  quality  criteria.  In  the  absence  of  such 
site-specific  data,  the  2.9  ug/1  remains  the  criterion  for  copper. 

U.S.  Borax  (244/33)  questioned  the  applicability  of  the  Total 
Recoverable  Concentrations  (TRCs)  for  evaluation  of  potential  impacts 
in  the  density  plume  and  near  field  since  the  density  current  is  not  an 
appropriate  habitat  for  marine  organisms.  Use  of  the  TRCs  is  the  only 
way  expected  concentrations  can  be  compared  to  applicable  EPA  water 
quality  criteria.  It  is  understood  that  the  plume  will  not  be  a 
habitat  area;  however,  the  intent  of  the  analysis  is  to  evaluate  the 
point  at  which  EPA  quality  criteria  can  be  met.  No  change  to  the  EIS 
is  required. 

U.S.  Borax  (244/34)  commented  that  the  analyses  of  fjord  water  quality 
are  extremely  conservative  and  that  even  so,  water  quality  standards 
are  met  except  for  the  few  cases  noted.  This  comment  is  noted.  No 
change  to  the  text  is  required. 
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One  commentor  (261/12)  noted  that  the  addition  of  the  extractable 
portion  of  the  metals  concentration  to  the  total  metals  concentration 
in  the  outfall  contaminant  analysis  significantly  increases  the 
projected  copper  concentrations  as  well  as  iron,  manganese,  and 
molybdenum  (Appendix  E,  page  E-30).  It  was  also  noted  that  the  table 
on  this  page  uses  a mixture  of  acute  and  chronic  water  quality 
criteria,  and  that  both  should  be  cited.  We  concur  with  these  comments 
and  the  text  has  been  changed  accordingly  to  reflect  this  additional 
information. 

One  comment  (156/3)  noted  that  minimal  degradation  of  the  upper  water 
column  will  occur  because  of  tailings  discharge  to  either  fjord.  This 
has  always  been  the  position  of  the  Forest  Service,  as  reflected  in  the 
EIS. 


R-2.2  Metals  Bioavailability  and  Impacts  to  Fish 

One  commentor  (148/2)  noted  that  the  acidification  step  used  in 
determining  total  recoverable  copper  portrays  copper  concentrations  as 
being  considerably  higher  than  the  expected  bioavail  able  fraction  in 
the  environment.  We  agree  with  the  commentor  that  total  recoverable 
copper  does  not  accurately  reflect  the  actual  bioavail  able  (i.e., 
dissolved)  fraction,  unless  unusual  circumstances  were  to  arise  in 
fjord  bottom  water  (i.e.,  prolonged  anoxia  or  protracted  periods  of 
highly  acid  pH  (e.g.,  less  than  5).  Such  conditions  are  not  expected. 

One  commentor  (148/5)  inquired  about  the  number  of  fish  expected  to 
suffer  acute  mortality  from  copper,  and  asked  if  this  outweighs  the 
terrestrial  impacts  of  using  Boca  de  Quadra  for  tailings  disposal.  In 
response,  the  number  of  fish  suffering  acute  toxicity  as  a result  of 
the  tailings  discharge  is  not  known.  However,  it  has  been  determined 
that  the  risk  to  the  fjord  and  the  fishery  is  sufficiently  small  that 
it  does  not  preclude  tailings  disposal  in  either  fjord.  When  all 
factors  are  weighed  (not  just  acute  copper  toxicity  and  terrestrial 
impacts),  tailings  disposal  in  Wilson  Arm  is  preferred. 

One  commentor  (148/6)  inquired  as  to  whether  evidence  exists  to  suggest 
significant  levels  of  acute  copper  toxicity  on  fish  living  outside  the 
mixing  zones  at  Island  Copper  and  Kitsault,  and  inquired  about  the 
dissolved  copper  concentrations  at  those  sites.  Studies  at  Island 
Copper  Mine  and  Kitsault  showed  that  acute  copper  toxicity  was  not  a 
problem.  Goyette  and  Nelson  (1977)  showed  that  the  major  biological 
impact  appeared  to  be  the  burial  of  marine  biota  rather  than  chemically 
induced  toxicity.  Goyette  and  Christie  (1982),  in  studies  on  the 
receiving  water  for  the  Amax/Kitsaul t mine,  found  no  leaching  under 
normal  seawater  conditions,  while  indicating  a potential  for  leaching 
under  mildly  acidic  conditions  created  in  the  laboratory.  They  found 
no  evidence  of  acute  toxicity,  and  found  that  elevated  concentrations 
of  various  metals  at  the  sediment-water  interface  are  returning  to 
predischarge  (baseline)  levels  following  termination  of  discharge. 

Goyette  and  Christie  (1982b)  reported  elevated  lead,  copper,  and  other 
metals  in  biota  relative  to  controls  from  the  Kitsault  mine  area 
(Hastings  Arm  and  Alice  Arm),  especially  in  algae  and  tissues  of 
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mussels.  Concentrations  of  various  metals  in  sediment  were  found  to  be 
elevated  relative  to  control  sediments  as  well.  This  does  not, 
however,  indicate  that  adverse  effects  to  biota  are  occurring  as  a 
result  of  this  exposure.  It  is  not  possible  to  delineate  whether 
significant  toxicity  has  occurred  since  abandonment  of  these 
operations,  but  benthic  organisms  collected  in  the  areas  impacted  by 
tailings  from  these  two  mines  have  survived  with  elevated  tissue 
concentrations!/.  It  thus  appears  that  either  (1)  mine  discharges 
have  not  adversely  impacted  the  benthic  biota,  or  (2)  the  organisms  may 
have  acclimatized  to  the  elevated  ambient  concentrations  of  copper  and 
other  metals. 

One  commentor  (148/7)  inquired  as  to  why  the  potential  effect  of  acute 
copper  toxicity  on  fish  is  of  concern  at  11.87  ug/1 , when  there  are 
data  suggesting  that  LC50s  are  much  higher  (i.e.,  less  toxic)  for 
several  salmon  species  likely  to  be  exposed  to  the  tailings.  The  same 
commentor  (148/8)  expressed  the  same  concern  regarding  the  sensitivity 
of  commonly  caught  sport  fish.  We  do  not  agree  with  the  commentor's 
implication  that  the  higher  copper  concentrations  acceptable  to  some 
species  are  indications  that  there  should  be  no  concern  at  11.87  ug/1. 
First,  the  commentor  cited  1976  EPA  data  that  have  since  been  updated. 
More  importantly,  the  species  cited  are  tolerant  to  acute  intoxication 
by  copper,  while  water  quality  criteria  are  designed  to  protect  95 
percent  of  all  species,  and  all  economically  important  species,  from 
both  acute  and  chronic  toxicity.  It  is  not  adequate  to  protect  only  a 
few  of  the  economically  important  species.  Here  the  main  toxicological 
issue  is  whether  there  will  be  significant  chronic  toxicity  beyond  the 
mixing  zone  of  the  discharge. 

If  the  copper  concentration  of  11.87  ug/1  were  attained,  it  would  be 
expected  to  be  toxic  to  some  species  of  aquatic  organisms.  The 
preferred  approach  to  avoiding  such  a level  is  to  increase  the  seawater 
to  tailings  ratio  above  1:1.  For  copper,  both  the  Final  Acute  Value 
and  the  Final  Chronic  Value  have  been  set  at  2.9  ug/1.  At  seawater  to 
tailings  ratios  of  5:1  in  the  initial  mixing  chamber,  dissolved  copper 
concentrations  would  be  reduced  to  less  than  2.9  ug/1. 

One  commentor  (181/2)  noted  that  the  question  regarding  uptake  of 
metals  by  biota  is  unresolved,  and  suggests  that  uptake  could  occur  in 
the  same  manner  as  has  been  shown  in  other  studies.  We  disagree  with 
the  commentor.  As  stated  in  the  Revised  DEIS  (page  4-130),  the 
bioaccumulation  potential  of  the  proposed  tailings  is  thought  to  be 
negligible,  verified  by  1 to  4 months  of  testing  with  both 
invertebrates  and  fish.  Bioconcentration  factors  stated  in  the  EPA 
water  quality  criteria  indicate  generally  low  bioconcentration 
potential  for  those  compounds  found  in  the  tailings,  mainly  because  the 
organisms  can  excrete  these  metals  so  readily.  The  potential  for 
bioaccumulation  in  aquatic  life  will  depend  on  the  concentrations  of 
bioavail  able  metals  to  which  organisms  are  exposed  as  well  as  the  types 


V For  example,  up  to  149  mg/kg  dry  weight  whole  body  in  shrimp  at 
Howe  Sound,  up  to  363  mg/kg  in  bivalves  at  Alice  Arm,  and  up  to 
10.4  mg/kg  in  Dover  sole  muscle  tissue  at  Quatsino  Sound. 
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of  metals  themselves.  Of  equal  importance  is  how  the  organism 
processes  the  metal;  whether,  for  example,  it  readily  excretes  the 
contaminant  or  whether  it  accumulates  the  contaminant  via  enzyme 
detoxification  pools.  The  most  sensitive  organisms  are  those  that 
accumulate  contaminants  faster  than  they  detoxify  them.  For  the 
proposed  mine,  this  is  not  expected  to  be  a significant  problem  due  in 
large  part  to  low  dissolved  concentrations  of  free  metal  ions  (the  most 
bioavail  able  constituents)  in  mine  tailings. 

An  example  of  what  is  expected  in  the  fjord  receiving  waters  is  given 
with  methyl  mercury,  which  has  a high  bioconcentration  factor  due  to 
its  fast  uptake  and  slow  depuration.  The  biological  half-life  of 
mercury  in  fish  is  expected  to  be  2-3  years.  However,  methyl  mercury 
is  not  expected  to  predominate  over  inorganic  mercury  in  the  tailings 
discharge.  Even  for  inorganic  mercury,  concentrations  are  expected  to 
be  low  and  it  is  therefore  not  of  concern  (from  Table  4-8,  the  expected 
discharge  concentration  is  0.4  ug/1 ) . 

One  commentor  (181/3)  stated  that  toxicity  information  provided  in  the 
Revised  DEIS  is  insufficient  to  evaluate  effects  on  biota,  and 
suggested  the  repeating  of  bioassays.  While  we  agree  that  bioassays 
should  eventually  be  repeated,  we  also  believe  that  current  information 
is  adequate  to  support  this  EIS.  In  tests  with  four  representative 
marine  species,  EVS  (1984b)  found  that  Quartz  Hill  tailings  were  not 
acutely  toxic  to  marine  organisms.  These  studies  were  designed  with 
the  intent  of  representing  in  situ  conditions  following  tailings 
discharge  to  the  fjords,  anTH provide  useful  information. 

Some  conclusions  derived  by  EVS  (1984a,  1984b),  however,  are  questioned 
because  of  study  design  and  test  performance  (e.g.,  high  mortality  in 
controls).  Regarding  chronic  toxicity  potential,  it  is  noted  that  EVS 
(1984b)  did  not  evaluate  chronic  toxicity  as  it  is  normally  done 
today.  Current  procedures  include  testing  for  survival,  growth,  and 
reproductive  success,  with  reproductive  success  the  most  sensitive 
endpoint.  Chronic  toxicity,  therefore,  was  not  well  characterized  by 
the  EVS  testing.  The  above  inadequacies  do  not  necessarily  indicate 
that  conclusions  regarding  toxicity  and  bioaccumulation  are  incorrect. 
The  tests  did  indicate  that  crab  zoeal  growth  and  development  were  not 
affected  by  chronic  exposure  to  tailings,  and  that  over  a 16-week 
exposure  period,  no  effect  was  observed  on  clam  burrowing  behavior. 

One  commentor  (244/35)  noted  that  the  Total  Recoverable  fraction  used 
by  the  EPA  is  an  oversimplification  and  does  not  reflect  the  actual 
bioavail  able  fraction  in  the  receiving  water  environment.  We  agree 
with  the  commentor.  In  fjord  receiving  water  environments  such  as  Boca 
de  Quadra  and  Smeaton  Bay,  the  suspended  solids  concentrations  in  the 
vicinity  of  the  tailings  discharge  are  expected  to  be  high,  thus 
reducing  the  dissolved  concentrations  while  increasing  the  sorbed 
fraction.  In  addition,  no  major  variation  in  bottom  pH  is  expected  in 
either  fjord  (i.e.,  bottom  pH  is  not  expected  to  become  highly  acidic), 
which  could  cause  mobilization  of  sorbed  or  complexed  metal  ions. 
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The  EPA-establ ished  Total  Recoverable  fraction  is  used  because  the 
agency  has  elected  not  to  use  chemical  speciation  models  to  define  the 
actual  concentrations  of  bioavailable  copper.  Unless  unusual 
circumstances  prevail,  it  is  not  expected  that  the  sediment-bound 
metals  will  be  mobilized  (i.e.,  leached)  into  the  water  column.  This 
is  supported  by  the  findings  of  Goyette  and  Christie  (1982b)  in  their 
work  on  leachability  of  trace  metals  from  the  Amax/Kitsaul t mine 
tailings.  Moreover,  only  low  to  moderate  concentrations  of  metals  were 
detected  in  the  tissue  of  benthic  organisms. 

The  same  commentor  (244/36)  contended  that  the  findings  of  the  EVS 
bioassays  are  basically  sound,  and  the  findings  indicate  that  there  is 
little  or  no  potential  toxicity  resulting  from  tailings  discharge,  as 
tests  were  conducted  with  a wide  range  of  organisms  using  varied 
habitats  and  feeding  strategies.  We  partially  agree  with  the 
conclusion  of  the  commentor.  Data  from  the  EVS  bioassays  do  provide 
useful  information,  particularly  with  respect  to  acute  toxicity. 
However,  due  to  the  incompleteness  of  the  tests,  there  are  insufficient 
data  available  to  decide  independently  to  what  extent  chronic  toxicity, 
bioaccumulation,  and  other  factors  will  be  worthy  of  concern.  It  would 
not  be  sufficient  to  interpolate  findings  from  other  mines  (e.g.. 

Island  Copper  Mine)  when  there  may  be  substantial  differences  in  the 
Quartz  Hill  discharge  from  the  tailings  studied  at  other  mines. 

Further  testing  will  be  required  as  a condition  of  the  NPDES  permit 
before  the  plant  goes  into  operation  in  order  to  make  these 
determinations. 

One  commentor  (244/40,41)  believes  the  results  from  EVS  vis-a-vis 
tailings  toxicity  were  valid,  and  specifically  responds  to  the 
criticism  in  the  Revised  DEIS  of  allowing  suspended  particulates  to 
settle  and  of  survival  of  control  organisms.  The  Forest  Service  and 
the  EPA  maintain  the  position  that  the  EVS  studies  did  not 
satisfactorily  resolve  all  issues  concerning  toxicity  to  marine 
organisms,  due  in  part  to  the  methodology  used.  Allowing  suspended 
particulates  to  settle  is  not  representative  of  a situation  in  the 
field,  where  suspended  particulates  are  constantly  renewed  from  the 
discharge  and  may  create  a different  scenario  from  that  of  testing  in 
the  laboratory.  The  EPA's  position  on  this  question  is  discussed  in 
more  detail  in  Section  12.2. 

One  commentor  (244/43)  contended  that  while  poor  survival  of  crab  zoea 
occurred  in  EVS  tests,  the  validity  of  the  many  other  tests  was  not  in 
any  way  affected.  We  disagree  with  the  commentor.  We  believe  that  the 
high  mortality  of  crab  zoea  is  unacceptable,  and  although  EVS  did  not 
include  the  results  of  these  tests  with  the  overall  findings,  this  is 
still  a flaw.  On  the  positive  side,  use  of  analytical  verification  of 
nominal  concentrations,  sufficient  exposure  periods,  adequate  controls, 
and  consultation  with  the  EPA  probably  means  that  the  findings  have 
some  validity  and  may  reflect  an  actual  lack  of  toxicity  expected  to 
occur  in  situ.  These  favorable  findings  are  borne  out  by  other  work. 

One  commentor  (258/1)  expressed  concern  over  the  effect  of  metals, 
particularly  nickel,  in  tailings  on  the  anadromous  fishery,  and  stated 
that  protection  of  the  fishery  deserves  high  priority.  The  recent 
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studies  in  Puget  Sound  to  which  the  commentor  referred  concern  the 
concentrations  in  sediment  and  effects  of  polynuclear  aromatic 
hydrocarbons  and  other  contaminants  on  flatfish  in  Puget  Sound,  rather 
than  the  effects  of  nickel  from  mining  discharges.  We  do  not  believe 
that  the  two  situations  can  be  compared.  Nickel  is  not  regarded  as  a 
strong  potential  carcinogen.  Data  from  pilot  tailings  assays  show  that 
nickel  is  not  expected  to  occur  in  high  concentrations  in  the  tailings 
discharge  beyond  the  mixing  zone  and,  as  such,  should  not  pose  a 
serious  threat  to  the  anadromous  fishery.  Regarding  the  potential  for 
carcinogenesis,  Doll  et  al . (1977)  found  that  nickel  derivatives  were 
found  to  be  carcinogenic  when  subjected  to  a process  which  has  been 
abandoned  since  the  1930s,  but  since  that  time  it  has  been  concluded 
that  there  are  no  data  in  support  of  nickel  as  a potential  carcinogen 
either  to  humans  or  to  fish. 

One  commentor  (244/44)  noted  that  metal  concentrations  in  the  tailings 
are  generally  not  elevated  above  natural  sediment  concentrations  in 
Boca  de  Quadra  except  molybdenum,  providing  an  explanation  as  to  why 
metals  from  tailings  are  not  bioaccumulated.  This  comment  is  noted. 

One  commentor  (181/10)  noted  an  apparent  discrepancy  between  the 
Revised  DEIS  and  the  EPA  Best  Professional  Judgment  (BPJ)  (EIS  Appendix 
S),  where  the  former  states  that  no  problem  of  biomagnification  is 
expected  while  the  latter  reports  biomagnification  of  cadmium  at  lower 
trophic  levels.  In  response,  cadmium  biomagnification  has  not  been 
documented  to  be  transmitted  through  upper  trophic  levels  (European 
Inland  Fisheries  Commission  1983).  Transmission  from  primary  producer 
to  grazer  is  not  considered  acceptable  evidence  of  biomagnification. 

The  confusion,  however,  is  understandable,  in  that  Biddinger  and  Gloss 
(1984)  define  biomagnification  as  "the  total  process  of  bioaccumulation 
by  which  tissue  residues  of  toxic  substances  increase  as  material 
passes  up  through  two  or  more  trophic  levels." 

Generally,  biomagnification  is  not  expected  if  the  organism  is  able  to 
metabolize  and/or  excrete  the  compound.  Biddinger  and  Gloss  (1984) 
report  that  shellfish  can  accumulate  dangerous  levels  of  cadmium, 
arsenic,  methyl  mercury,  phosphorus,  and  silver.  These  compounds  are 
bioaccumulated  and  represent  a potential  threat  to  consuming  organisms 
feeding  heavily  on  contaminated  shellfish.  In  order  to  avoid  confusion 
on  the  two  terms  of  bioaccumulation  and  biomagnification,  the  wording 
in  the  EIS  on  page  4-132  has  been  modified. 

R-2.3  Reagents 

One  commentor  (244/1)  stated  that  no  more  information  is  needed  on  the 
milling  reagents  in  order  to  determine  that  they  do  not  present  a 
toxicity  problem,  and  stated  that  a comparison  to  other  mines  should  be 
made.  It  has  been  determined,  based  on  the  bioassays  performed  for  the 
proposed  mine  (EVS  1984a,  1984b),  that  sufficient  information  currently 
exists  to  make  a negative  finding  regarding  aquatic  toxicity  potential 
of  the  proposed  tailings.  Even  so,  the  issue  of  milling  reagent 
toxicity  has  not  been  satisfactorily  resolved  due  to  incomplete 
characterization  of  milling  reagents  at  the  time  of  testing.  The 
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concentrations  of  the  milling  reagents  were  not  ascertained  during  the 
course  of  all  testing,  and  therefore  could  not  be  assumed  to  be 
representative. 

Prior  to  initiation  of  mining  operations,  further  testing  of  tailings 
will  be  required  as  a condition  of  the  NPDES  permit.  Of  particular 
concern  may  be  the  quaternary  ammonium  polymers  M502  and  SF330,  known 
to  be  toxic  to  a variety  of  aquatic  and  marine  species  (Calgon  1987; 
Boethl ing  1984) . 

Regarding  toxicity  testing  of  milling  reagents  in  other  areas,  we 
believe  that  comparisons  cannot  be  reliably  made.  While  milling 
reagents  were  not  shown  to  be  acutely  toxic  in  tailings  from  Island 
Copper  and  Kitsault  mines,  different  hydrographic  conditions  prevailing 
in  the  different  mines  make  effective  comparison  difficult. 

The  same  commentor  (244/23, 38, 45a, 58)  noted  that  no  additional  detailed 
toxicity  information  for  M502  is  required  at  this  stage  of  the 
investigation  because  all  indications  are  that  toxicity  will  be 
markedly  reduced  as  a result  of  flocculation.  We  agree  that  no 
additional  detailed  toxicity  information  is  needed  at  this  stage  of 
investigation.  However,  M502  is  a quaternary  ammonium  compound  for 
which  the  functional  group  is  recognized  to  be  toxic  to  aquatic  life. 
This  potential  has  not  been  quantitatively  characterized  for  this 
specific  milling  reagent.  In  discussing  the  issue  with  the 
manufacturer  (Calgon  1987),  we  were  informed  that,  while  the  flocculant 
was  bound  with  suspended  particulates,  its  bioavailability  would  be 
precluded.  However,  this  is  only  assumed  to  be  the  case,  with  no 
supporting  toxicity  and  analytical  chemistry  data  base  having  been 
developed.  We  were  informed  that  its  toxicity-  and  chemical 
fate-related  properties  have  not  been  characterized  and  it  is  currently 
marketed  in  Canada  only.  It  is  reassuring  that  the  manufacturer 
indicates  to  us  that  desorption  of  the  flocculent  from  particulate 
matter  is  not  expected  as  a result  of  fluctuations  in  salinity, 
temperature,  or  moderate  changes  in  pH.  Additional  testing  of  M502 
should  be  performed  before  operations  begin  if  the  reagent  is  actually 
proposed  for  use. 

U.S.  Borax  (244/20)  indicated  that  hydrogen  sulfide  from  Nokes  reagent 
is  used  up  during  the  depression  of  trace  metals  (through  the  formation 
of  insoluble  sulfides),  and  that  only  a minor  amount  is  actually 
discharged.  Therefore,  no  hazardous  concentrations  of  hydrogen  sulfide 
are  expected  in  either  the  near  field  zone  or  the  tailings  turbidity 
plume.  We  note  this  comment,  and  have  revised  the  text, 

Section  4. 1.7. 2 (Table  4-10)  and  Appendix  G,  Section  12  accordingly. 

The  EPA  (261/6)  expressed  concern  that  toxicity  information  on  the 
organic  milling  reagents  is  insufficient  to  adequately  assess  their 
reaction  kinetics,  chronic  toxicity,  and  environmental  persistence.  Of 
particular  concern  are  the  quartenary  ammonium  salt  polymers. 

Additional  information  detailing  toxicity  and  reaction  kinetics  is  not 
available.  However,  it  is  anticipated  that  the  milling  reagent 
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monitoring  and  effluent  bioassay  requirements  of  the  NPDES  permit  will 
identify  persistent  reagents  or  their  breakdown  products  and  indicate 
whether  a toxic  hazard  exists. 

R-2.4  General  Tailings  Toxicity  Comments 

One  commentor  (148/4)  noted  a discrepancy  where  the  Revised  DEIS 
summary  states  that  high  metal  concentrations  may  be  a source  of 
concern,  while  the  BPJ  states  that  acute  toxicity  is  expected  to  be 
low,  and  requests  additional  documentation  for  overall  conclusions 
related  to  metals  toxicity.  We  believe  the  DEIS  and  BPJ  were  not 
contradictory  because  there  is  low  probability  of  acute  toxicity  from 
heavy  metals.  The  question  regarding  chronic  toxicity  of  tailings  from 
the  proposed  operation  has  not  been  completely  resolved.  Data  from  an 
environmental  monitoring  program  following  discharge  will  demonstrate 
whether  actual  impacts  are  occurring  and  if  corrective  actions  are 
needed.  A discussion  of  the  monitoring  program  has  been  added  to  the 
EIS,  Section  4.5. 

One  commentor  (226/1)  was  concerned  about  the  long  range  effects  of 
additional  radioactive  material  being  put  into  southeast  Alaskan  waters 
and  finely  spread  over  the  benthic  community.  We  can  assure  the 
commentor  that  concerns  about  radioactive  materials  are  not  relevant  at 
Quartz  Hill.  The  greatest  concern  about  radioactivity  in  geologic 
structures  is  focused  on  naturally  occurring  uranium.  There  are  rocks 
at  locations  around  the  world  that  contain  enough  uranium  to  pose  a 
possible  health  risk  to  aquatic  organisms,  if  the  uranium  were  to  be 
mined  and  deposited  in  aquatic  habitats.  However,  this  is  not  the  case 
at  the  proposed  Quartz  Hill  mine  site.  U.S.  Borax  has  conducted  a 
study  of  uranium  content  in  granite  rocks  at  Quartz  Hill  (Sprague 
1982).  The  results  indicate  that  the  average  uranium  content  at  Quartz 
Hill  is  4 ppm,  which  approximates  the  worldwide  average  concentration 
of  uranium  in  granite  of  4.8  ppm.  Therefore,  natural  erosion  of  Quartz 
Hill  granite  would  deposit  the  same  overall  concentration  of  uranium  in 
benthic  communities  as  that  occurring  from  the  disposal  of  mine 
tailings.  Since  the  uranium  content  of  Quartz  Hill  granite  is  not 
disproportionately  greater  than  the  worldwide  average  concentration, 
then  benthic  organisms  at  the  mill  tailings  disposal  site  would  not  be 
exposed  to  unusually  high  or  dangerous  levels  of  uranium. 

One  commentor  (244/39)  stated  that  information  from  the  Greenex  mine  is 
not  relevant  to  Quartz  Hill  tailings  disposal.  Because  of  the  relative 
lack  of  in  situ  data  developed  at  other  mine  sites  worldwide,  it  is 
necessary  to  use  whatever  data  are  available.  Strictly  speaking,  the 
Greenex  situation  may  not  be  relevant  to  the  situation  at  Quartz  Hill, 
where  the  metals  are  in  a carbonate  matrix  more  favorable  to  leaching. 
Studies  on  metals  flux  in  this  area  indicate  that  toxicol ogical ly 
significant  concentrations  may  be  reaching  downfjord.  Both  the  method 
of  milling  and  the  type  of  matrix  may  have  contributed  to  this 
leaching.  Conditions  prevailing  in  Boca  de  Quadra  and  Smeaton  Bay 
(e.g.,  sulfide  matrix)  may  contribute  to  conditions  far  less  favorable 
to  leaching  from  sediment;  therefore,  the  relevance  of  the  Greenex  mine 
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to  Quartz  Hill  may  be  legitimately  brought  into  question.  Because  of 
this,  additional  research  was  undertaken  since  the  Revised  DEIS.  The 
results  have  been  added  to  Appendix  G,  Section  12. 

In  response  to  a comment  in  the  Revised  DEIS  that  little  information 
about  tailings  is  available  from  similar  operations,  one  commentor 
(244/42)  noted  that  a voluminous  body  of  information  has  been  developed 
at  Island  Copper  and  other  locations.  We  agree  with  the  commentor  that 
a large  volume  of  information  has  been  generated  from  other  mining 
operations,  and  have  revised  the  text  in  Appendix  G,  Section  12  to 
incorporate  findings  of  other  studies.  However,  we  believe  these  data 
can  not  adequately  address  long-term  effects  on  the  Quartz  Hill 
receiving  environments.  These  findings  may  only  be  used  with 
qualification  and  may  not  be  considered  definitive,  because  differences 
with  Quartz  Hill  in  terms  of  fjord  hydrography  and  tailings 
composition/behavior  may  be  significant.  Findings  from  several 
additional  studies  have  been  added  to  Appendix  G,  Section  12. 

The  NMFS  expressed  concern  (181/1)  that  a pH  of  8 is  not  appropriate 
for  assessment  of  leaching  potential,  especially  in  interstitial 
water.  They  also  stated  that  reducing  ( i . e . , anoxic)  conditions  may 
prevail  in  the  middle  basin  of  Boca  de  Quadra  at  certain  times  of  the 
year.  We  do  not  agree  with  the  comment,  as  a pH  of  8 should  be 
appropriate  for  assessment  of  leaching  potential.  Natural  seawater 
should  not  fall  below  a pH  of  about  7.4,  and  generally  will  exceed  8. 

We  believe  that  widespread  anoxia  is  rare,  and  localized  anoxic 
sediments  are  normally  not  encountered,  although  Burrell  (1983)  reports 
that  the  oxygenated  sediment  zone  above  the  redox  horizon  is  thin.  It 
is  noted  from  Appendix  F that  the  discharge  is  expected  to  increase 
dissolved  oxygen  in  bottom  waters.  It  is  therefore  believed  that 
anoxic  conditions  in  bottom  sediments  should  not  normally  occur. 

Burrell  (1983)  reports  natural  cycling  of  such  metals  as  manganese  and 
molybdenum  between  sediment  and  interstitial  water,  but  the  proposed 
discharge  is  not  expected  to  increase  dissolved  metal  concentrations  in 
bottom  waters,  especially  since  anoxic  conditions  are  not  expected. 

R-3  WATER  SUPPLY 


Most  of  the  water  supply  comments  concerned  the  height  of  the  Tunnel 
Creek  dam,  the  impacts  associated  with  the  Wilson  River  well  field,  or 
the  impacts  of  the  Blossom  River  weir.  These  topics  are  discussed  in 
Subsections  R-3.1,  R-3. 2,  and  R-3. 3,  respectively.  Subsection  R-3.1 
also  includes  a discussion  of  the  instream  flow  requirements  for  Tunnel 
Creek,  as  they  relate  to  the  proposed  water  supply  system's  ability  to 
supply  water  to  the  project  without  adversely  affecting  anadromous  fish. 

R-3.1  General  Water  Supply  Comments 

Several  letters  (152/7;  194/1;  262/4,7;  and  266/2)  discussed  the 
various  water  supply  alternatives,  with  the  most  emphasis  being  placed 
on  a primary  supply  from  a reservoir  on  Tunnel  Creek.  This  would  be 
supplemented  by  water  from  two  potential  alternative  sources:  a well 

field  on  the  Wilson  River  or  an  infiltration  bed  in  the  streambed  of 
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the  Blossom  River  near  its  confluence  with  the  Wilson  River.  The 
Forest  Service  preferred  alternative  for  project  water  supply  has  been 
revised  following  interagency  discussions  and  additional  analysis  of 
the  alternatives.  The  additional  analysis  (Envirosphere  1987)  examined 
four  alternative  dam  heights  (no  dam,  a 52-ft-high  dam,  an  80-ft-high 
dam,  and  a 110-ft-high  dam)  and  included  variations  in  pumping  rates, 
instream  flow  requirements , and  emergency  water  supply  storage 
requirements.  The  purpose  of  the  analysis  was  to  determine  the  optimal 
dam  height  and  need  for  a supplemental  water  source,  based  on  economic 
factors,  the  project's  water  needs,  and  the  instream  flow  required  for 
anadromous  fish. 

The  instream  flow  criteria  utilized  in  the  analysis  were  those 
recommended  by  Nadeau  et  al . (1985),  and  also  suggested  by  the  U.S. 

Fish  and  Wildlife  Service  (USFWS)  and  the  NMFS.  These  criteria  were 
the  following: 

o July  1 - November  30  90  cfs 

o December  1 - March  31  15  cfs 

o April  1 - June  30  30  cfs 

These  flows  would  be  measured  approximately  0.5  miles  upstream  from  the 
mouth  of  Tunnel  Creek.  This  area  is  believed  to  present  a velocity 
barrier  to  upstream  migration  of  anadromous  fish  under  certain  flow 
conditions.  The  agreed  upon  instream  flow  requirement  is  the  lesser  of 
the  natural  flow  and  the  criteria  listed  above.  Therefore,  it  is 
assumed  that  when  the  total  natural  flow  at  the  gage  falls  below  these 
criteria,  only  the  natural  flow  would  be  released.  Results  of  the 
analysis  have  shown  that  a 52-ft-high  dam  on  Tunnel  Creek,  supplemented 
by  withdrawal  from  an  infiltration  bed  in  the  Blossom  River,  would 
supply  project  needs  as  well  as  meet  instream  flow  requirements  for 
fish.  This  scenario  would  include  a 2-day  emergency  water  supply  for 
the  project.  The  present  value  for  this  alternative  is  comparable  to 
the  cost  of  the  Tunnel  Creek/Wilson  River  well  field  alternative 
presented  in  an  earlier  report  (U.S.  Borax  1985h)  and  included  in  the 
proposed  project  in  the  Revised  DEIS. 

With  this  new  plan,  the  need  for  a well  field  on  the  Wilson  River  is 
eliminated,  thus  avoiding  potential  impacts  associated  with  that 
alternative.  Also,  the  weir  has  been  eliminated  from  the  preliminary 
design  of  the  Blossom  River  intake.  This  avoids  concerns  about 
impediments  to  fish  passage  that  might  result  from  the  weir. 

Additional  design  features  of  the  water  intake  system  have  been 
submitted  by  U.S.  Borax  to  the  Corps  of  Engineers  as  part  of  its 
revised  application  for  a Department  of  the  Army  Permit.  It  is 
anticipated  that  any  other  details  of  design  will  be  addressed  as  part 
of  the  Alaska  Department  of  Fish  and  Game's  anadromous  fish  protection 
permit. 

U.S.  Borax  (230/4)  expressed  their  preference  for  a Blossom  River 
supplemental  water  source  that  would  avoid  the  need  for  the  Wilson 
River  well  field,  but  that  would  not  be  fully  developed  until  Phase  II, 
when  the  project  moves  to  full  production  capacity.  Another  commentor 
(197/3)  preferred  complete  development  in  Phase  I.  The  new  water 
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supply  system  described  above  and  included  in  the  current  preferred 
alternative  includes  two-phased  development,  with  both  primary  and 
secondary  sources  developed  in  Phase  I and  additional  pumps  added  in 
Phase  II.  The  preferred  strategy  includes  a 52-ft-high  dam  on  Tunnel 
Creek  and  a supplemental  water  supply  from  an  infiltration  bed  on  the 
Blossom  River.  This  system  could  be  built  for  a cost  comparable  to 
earlier  water  supply  cost  estimates.  Operationally,  the  addition  of 
more  pumps  in  Phase  II  would  allow  more  water  to  be  pumped  from  the 
Blossom  River  than  during  Phase  I. 

R-3.2  Wilson  River  Well  Field 

Several  commentors  (202/1;  252/10;  and  261/22,23)  expressed  concerns 
about  the  potential  environmental  effects  of  a well  field  on  the  Wilson 
River,  or  requested  clarification  of  whether  the  well  field  is  part  of 
the  proposed  project.  The  alternative  that  incorporates  this  well 
field  is  no  longer  preferred  and  has  been  replaced  with  a water  intake 
system  in  the  streambed  of  the  Blossom  River  (see  also  Section  R-3.1). 

R-3.3  Blossom  River  Weir 

Three  commentors  (176/6,  230/5,  252/11)  questioned  the  adequacy  of 
information  concerning  use  of  the  pool  at  the  mouth  of  the  Blossom 
River  as  a supplemental  water  supply,  or  expressed  concern  about  the 
protection  of  salmon.  In  the  Revised  DEIS,  the  preferred  alternative 
had  a water  withdrawal  system  that  included  a weir  to  prevent  saltwater 
intrusion  into  the  water  supply.  As  a result  of  potential  concerns 
about  how  the  weir  may  affect  fish  passage  of  both  upstream  (adults) 
and  downstream  (juveniles)  fish,  U.S.  Borax  has  revised  the  design  of 
the  facility  and  eliminated  the  weir.  Water  will  now  be  withdrawn  from 
under  the  bed  of  the  river  through  a system  of  subsurface  pipes.  These 
pipes  will  collect  river  water  that  has  infiltrated  the  substrate.  In 
this  way,  it  will  avoid  any  entrainment  or  impingement  problems  with 
fish.  Any  saltwater  that  enters  the  pool  is  expected  to  be  minimal. 

By  shunting  this  saltwater  out  of  the  water  supply  system  during  the 
short  and  relatively  infrequent  periods  when  saltwater  may  be  present, 
the  pumping  system  will  maintain  a supplemental  freshwater  supply  for 
the  project. 

The  intake  area  is  utilized  for  upstream  and  downstream  passage  of 
fish.  According  to  calculations  by  U.S.  Borax  (Reim  1987),  it  appears 
that  sufficient  flows  will  be  maintained  in  the  Blossom  River  for 
upstream  and  downstream  fish  passage  (see  Section  3.2.1).  The  intake 
is  located  downstream  of  most  salmonid  spawning  and  incubation  areas  in 
the  Blossom  River  and  therefore  these  phases  of  the  salmonid  life  cycle 
would  be  unaffected.  Also,  it  is  anticipated  that  any  effects 
resulting  from  potential  withdrawals  would  be  negated  by  Wilson  River 
flows  which  would  back  up  into  the  Blossom  and  by  tides  which 
periodically  (+6  hr  cycle)  slow  the  outflow  of  the  Wilson  and  Blossom 
rivers. 
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R-4  FISHERIES  IMPACTS 


This  section  includes  responses  to  comments  pertaining  to  fish  and 
other  aquatic  organisms.  Subsection  R-4.1  addresses  general  comments, 
such  as  those  pertaining  to  sport  fishing  and  relative  habitat  values. 
Comments  directly  related  to  tailings  disposal  are  addressed  in 
Subsection  R-4. 2.  Subsection  R-4. 3 is  devoted  to  comments  and 
responses  concerned  with  mitigation  and  monitoring. 

R-4.1  General  Fisheries  Comments 

One  commentor  (261/9)  wanted  to  review  the  document  that  indicated  that 
herring  are  found  to  a maximum  depth  of  140  m (page  4-126, 
paragraph  3).  This  depth  was  based  on  personal  communication  with 
Blankenbeckler  (1985),  who  directs  herring  studies  in  southeast 
Alaska.  He  stated  that  total  maximum  depth  for  herring  in  Alaska  was 
70-80  fathoms  (128-146  m). 

The  same  commentor  (261/10)  noted  that  references  made  to  Waldichuk  and 
Buchanan  (1980)  cited  only  part  of  their  conclusions.  We  agree,  and 
have  added  a more  complete  discussion  of  their  conclusions  to  the  text 
of  the  EIS , Section  4. 2. 2. 2. 

One  commentor  (264/3)  stated  that  the  value  of  the  renewable  fisheries 
that  are  lost  due  to  the  project  must  be  calculated.  By  law,  the 
Forest  Service  must  assure  that  natural  productivity  of  the  fisheries 
in  the  project  area  will  be  maintained.  Therefore,  any  negative 
impacts  that  occur  as  a result  of  this  project  will  need  to  be 
mitigated.  The  EIS  process  has  been  used  to  avoid  or  minimize  any 
impacts  through  project  planning  and  design.  For  example,  an  extensive 
examination  of  potential  project  designs  has  been  made.  Part  of  this 
examination  takes  into  account  ways  in  which  to  avoid  potential  impacts 
to  the  environment.  If  an  impact  cannot  be  avoided  or  minimized,  then 
other  means  have  been  described  (e.g.,  egg  boxes,  spawning  channels, 
etc.)  to  restore  the  productivity  that  is  lost.  These  other  means  have 
been  successfully  used  elsewhere  to  either  improve  or  enhance 
productivity.  Therefore,  there  is  reason  to  believe  that  they  will 
work,  if  needed,  for  the  Quartz  Hill  project.  The  impact  of  the 
project  on  the  value  of  the  commercial  fishery,  as  discussed  in 
Section  4. 3. 1.2,  is  expected  to  be  negligible. 

One  commentor  (264/1,2)  questioned  the  way  in  which  the  value  of  the 
fish  resource  was  determined.  This  commentor  felt  that  better 
management  and  climatic  conditions  make  the  averaging  method  of  past 
counts  unacceptable.  We  agree  that  larger  escapements  in  the  project 
area  have  generally  occurred  over  the  last  12  years.  However,  as  a 
result  of  discussions  at  an  interdisciplinary  team  meeting  held 
January  9-11,  1984,  in  Ketchikan,  Alaska,  it  was  agreed  that  statistics 
for  impact  analysis  would  be  based  on  escapements  since  1974.  This  is 
still  believed  to  be  the  most  reasonable  approach. 
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This  commentor  (264/1,2)  was  also  concerned  about  the  potential  impacts 
of  the  project  on  salmon,  considering  that  they  have  a specific  genetic 
make-up  that  is  closely  attuned  to  the  existing  environment.  This  site 
specificity  does  occur;  however,  salmon  have  a considerable  amount  of 
resiliency,  otherwise  they  would  not  have  expanded  their  range  to  the 
many  streams  and  stream  habitats  that  drain  into  the  North  Pacific. 

The  planning  process  for  the  proposed  Quartz  Hill  Mine  has  been 
designed  to  examine  all  viable  alternatives  and  to  incorporate  means  to 
avoid  or  minimize  potential  impacts  to  natural  stocks  of  salmon.  These 
means  are  discussed  throughout  the  EIS,  particularly  in  Section  4.4. 

One  commentor  (264/2)  discussed  the  need  to  develop  probabilities  of 
the  worst  case  impacts  to  fish  in  order  to  bound  the  underlying  risk 
function.  Although  a risk  analysis  for  impacts  to  fish  is  conceivable, 
the  final  function  is  subject  to  a wide  range  of  interpretation  and 
estimation.  For  example,  the  estimated  impact  from  sediment  on  average 
salmon  production  (Revised  DEIS,  Table  5-2)  presents  fixed  numbers  as 
part  of  an  impact  scenario.  For  instance.  Revised  DEIS,  Table  5-2 
indicates  a potential  loss  of  22,913  pink  salmon  adults  in  the  given 
scenario.  It  would  not  be  possible  to  detect  such  a difference  in  the 
total  population,  because  the  total  return  is  estimated  at  231,674 
adults,  _+50  percent.  To  overcome  uncertainties  in  precisely  defining 
impacts,  the  planning  process  is  designed  to  avoid  or  minimize  as  many 
potential  impacts  as  possible.  This  is  accomplished  through  regulatory 
restrictions  such  as  water  quality  standards,  permit  requirements  such 
as  restrictions  on  blasting  near  water  bodies,  and  examination  of 
project  alternatives  such  as  water  supply  sources  that  result  in  the 
least  impact.  Under  the  provisions  of  ANILCA,  the  Forest  Service  must 
assure  that  the  natural  productivity  of  the  project  area  is 
maintained.  If  monitoring  indicates  that  the  project  may  be  having  a 
negative  impact  on  productivity,  either  the  source  of  the  problem  must 
be  remedied  or  mitigative  measures  must  be  implemented.  Potential 
mitigative  measures  for  fish  are  described  in  the  Final  EIS,  Section 
4.4. 

One  commentor  (244/13)  felt  it  unlikely  that  sport  fishing  for  chum 
salmon  will  occur  in  the  project  area.  It  is  true  that  chum  salmon  are 
among  the  least  popular  salmon  species  with  sport  fishermen,  primarily 
because  they  are  not  as  readily  taken  on  sports  gear  and  their 
perceived  quality  as  they  near  freshwater  spawning  areas  appears  lower 
than  other  salmon  species.  In  the  near  term,  it  is  unlikely  that  the 
project  area  would  be  utilized  for  sportfishing  for  this  species. 
However,  in  other  areas  such  as  the  Pacific  Northwest  and  some  areas  of 
Alaska,  sportsfishermen  are  developing  techniques  to  catch  this 
species.  Although  still  limited,  active  sportfisheries  do  exist, 
particularly  in  fresh  water.  An  active  sportfishery  may  not  develop 
anywhere  in  southeast  Alaska  in  the  near  future.  However,  it  is  still 
conceivable  that  during  the  period  of  the  mining  operation,  interest  in 
catching  this  species  with  sports  gear  may  develop. 

One  commentor  (244/14)  felt  that  the  subjective  ratings  developed  by 
Schmidt  et  al . (1977)  of  the  Blossom,  Keta,  and  Wilson  Rivers  fish 
rearing  potential  are  outdated  and  should  be  modified  by  the  results  of 
more  recent  and  extensive  baseline  studies.  We  do  not  feel  that  any 


0283K 


R-53 


change  in  the  EIS  is  needed.  The  Schmidt  et  al . reference  was  used 
only  to  describe  a rating  that  was  made  by  the  Alaska  Department  of 
Fish  and  Game.  This  rating  was  based  on  factors  such  as  summer  and 
winter  habitats  and  suitable  access  to  these  habitats.  This  rating 
ranked  the  Blossom  River  as  number  one,  followed  by  the  Keta  (second) 
and  Wilson  Rivers  (third).  More  recent  information  developed  by  VTN 
(1983g)  is  also  presented  in  EIS  Section  3.2.1.  This  information  was 
based  on  habitat  characterizations  using  aerial  photos.  Based  on  the 
total  area  for  freshwater  rearing  in  mainstem,  side  channels,  and 
ponds,  the  Blossom  River  would  rank  as  number  one,  followed  by  the 
Wilson  and  Keta  rivers.  The  difference  between  actual  measured  areas 
for  these  habitat  features  is  greater  between  the  Blossom  River  (79.0 
acres)  and  the  Wilson  (59.2  acres)  or  the  Keta  (49.3  acres)  than 
between  the  latter  two.  Therefore,  the  ranking  results  are  not 
radically  different.  Even  with  these  estimates,  the  type  of  rearing 
area  utilized  varies  considerably  with  fish  species,  streamflow,  time 
of  year,  water  quality,  substrate  and  other  attributes.  Therefore,  the 
information  and  rankings  presented  in  this  section  are  intended  to 
provide  only  a relative  idea  of  potential  rearing  between  the  sites. 

One  commentor  (181/6)  suggested  that  the  available  data  were  not 
adequate  to  make  the  statement  that  tanner  crabs  spend  their  entire 
life  in  Boca  de  Quadra  (Revised  DEIS,  page  3-101).  The  comment  is 
noted  and  the  text  has  been  modified  accordingly. 

One  commentor  (244/22)  stated  that  the  scenario  presented  for  a breach 
of  the  water  quality  control  dam  was  not  likely  to  occur,  based  on 
actual  experience  at  the  Quartz  Hill  site.  This  experience  comes  from 
a natural  landslide  in  1978  that  totally  blocked  Hill  Creek,  followed 
by  a release  of  sediment  and  debris  to  the  Keta  River.  The  commentor 
states  that  this  significant  release  of  debris  and  sediment  did  not 
destroy  incubating  eggs  or  affect  species  production  downstream.  We 
agree  in  part  with  the  commentor.  The  scenario  presented  in  the 
Revised  DEIS  is  a worst-possible  case  which  has  a very  low  likelihood 
of  occurrence.  The  actual  effects  of  any  breaching  of  the  dam  would 
depend  on  the  magnitude  of  the  breach  and  the  status  of  the  receiving 
environment  during  the  event.  If,  for  example,  a breach  occurred  when 
the  Blossom  River  was  at  high  flow,  the  water  and  sediment  from  a 
breach  could  be  swept  downstream  with  little  or  no  impact  on  fish, 
whereas  a breach  during  extreme  low  flow  could  significantly  impact 
areas  of  the  Blossom  River.  We  have  revised  the  scenario  in  the  EIS 
(Section  4. 2. 1.2)  to  clarify  the  range  of  potential  impacts.  The 
facility  will  be  designed  to  meet  National  Pollutant  Discharge 
Evaluation  System  (NPDES)  and  Alaska  Department  of  Environmental 
Conservation  (ADEC)  water  quality  standards.  The  dam  will  also  meet 
design  and  operation  standards  of  the  Alaska  Department  of  Natural 
Resources.  These  standards  should  assure  that  the  dam  is  built  and 
maintained  under  current  safety  specifications. 

R-4.2  Tailings  Disposal  Impacts 

The  Southeast  Alaska  Seiners  made  several  comments  (176/1,2,3) 
concerning  the  cumulative  risks  of  further  development  in  the  Wilson 
Arm  drainage  basin,  and  expressed  concern  that  all  potential  impacts  to 
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the  important  salmon  fishery  are  not  being  taken  into  account.  We 
maintain  that  the  impact  assessment  focused  on  every  feasible  way  that 
salmon  could  be  affected  by  the  project,  including  tailings  disposal. 
Every  mechanism  that  could  possibly  generate  enough  turbulence  or  force 
to  move  tailings  into  the  part  of  the  water  column  used  by  all  life 
stages  of  salmon  was  investigated.  Even  considering  the  worst 
combination  of  events,  tailings  excursions  into  the  upper  water  column 
would  have  to  be  very  localized  and  brief;  and  no  impacts  to  salmon  can 
be  projected.  If  the  tailings  pile  higher  than  expected,  the  permit 
stipulations  will  require  that  the  outfall  be  moved  to  protect  the 
upper  water  column.  The  mine  could  be  shut  down  for  noncompliance. 
These  factors,  along  with  the  design  features  that  have  been 
incorporated  to  prevent  tailings  or  oil  spill  impacts,  reduce  the 
cumulative  risk,  especially  to  salmon,  to  the  level  of  insignificance. 
Confining  insignificant  impacts  to  one  basin  is  reasonable. 

One  commentor  (181/9)  stated  that  it  was  improper  to  say  that  no 
significant  impacts  would  occur  to  the  food  chain  from  herring  losses 
based  on  their  known  importance  in  other  parts  of  Alaska  (page  4-129). 
Based  on  the  available  data  from  extensive  surveys  in  Boca  de  Quadra 
and  Wilson  Arm/Smeaton  Bay,  herring  were  not  a major  food  source  for 
important  fish  sampled,  so  no  significant  impacts  were  indicated  from 
these  data.  We  also  originally  qualified  the  statement  by  saying  that, 
should  the  site-specific  data  not  be  correct,  significant  effects  could 
occur  if  losses  of  herring  were  large.  We  believe  the  paragraph  is 
correct  as  stated  and  have  left  it  unchanged. 

Another  comment  (181/11)  stated  that  adult  spot  shrimp  normally  occur 
in  water  deeper  than  100  m.  The  text  statement  in  Section  4. 2. 2. 2 has 
been  changed  to  say  spot  shrimp  are  usually  more  abundant  in  water  less 
than  150  m deep.  The  sampling  in  Boca  de  Quadra  and  Wilson  Arm/Smeaton 
Bay  was  not  adequate  to  be  more  definitive  about  depth  distribution  of 
spot  shrimp.  They  were  often  collected  in  shrimp  pots  from  100  to 
140  m average  depths,  but  were  rare  below  200  m.  Literature  from 
studies  of  areas  in  British  Columbia  and  Washington  State  suggest 
adults  are  most  often  caught  in  less  than  100  m depths  (Butler  1980). 

One  commentor  (197/2)  noted  that  disposing  of  tailings  in  Wilson  Arm 
could  result  in  increased  production  of  important  species  by  increasing 
the  area  of  the  more  productive  shallow  water  habitat.  We  have  stated 
that  a shallower  basin  could  be  more  productive  as  suggested  (Revised 
DEIS,  page  4-146).  The  process  of  filling  the  basin,  however,  causes 
some  negative  impacts.  The  existing  production  of  the  shallow  water 
benthic  and  epi benthic  organisms  could  be  reduced  by  smothering  from 
tailings,  in  effect  making  the  region  less  productive  during  the 
filling  period.  All  of  these  factors  were  discussed  in  the  Revised 
DEIS  and  considered  in  making  the  recommendation  for  discharge 
locations.  The  recommended  discharge  site  is  Wilson  Arm/Smeaton  Bay, 
but  in  a deeper  region  of  the  bay  away  from  the  estuary. 

One  comment  (244/21)  stated  that  available  literature  indicates 
recolonization  of  tailings  occurs  within  1 year  and  that  the  statement 
on  page  4-89  of  the  Revised  DEIS  should  be  modified  to  indicate  these 
results.  The  statement  this  comment  relates  to  is  not  discussing 
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recolonization,  only  sediment  composition.  It  is  stated  that  the  rate 
of  natural  sedimentation  will  affect  the  return  of  bottom  sediment  to 
predischarge  conditions.  This  statement  is  correct  and  has  not  been 
changed.  Biological  impacts  and  recol onization  are  discussed  in 
Section  4. 2. 2. 2.  In  this  section,  we  stated  that  recolonization  would 
be  rapid,  but  complete  recovery  would  take  longer  than  a year.  This 
conclusion  is  also  confirmed  by  recent  data  presented  by  Ellis  and 
Taylor  (1987)  for  Island  Copper.  As  shown  in  Figure  4 of  this 
citation,  in  all  cases  both  number  of  organisms  and  number  of  taxa  were 
less,  although  not  always  significantly  less,  for  tailings  compared  to 
an  artificial  substrate  up  to  1 year  after  incubation  began. 

One  comment  (261/7)  stated  benthic  community  composition  may  be 
different  on  tailings  than  on  natural  substrates  even  after  the 
organisms  have  had  time  to  become  established  on  undisturbed  areas. 

The  commentor  states  that  "colonization"  should  not  be  confused  with 
"recolonization"  or  restoration.  Also  the  commentor  suggested  the 
community  that  reestablishes  itself  may  be  different  than  the 
pretailings  discharge  one.  The  commentor  cited  two  articles  which  were 
examples  of  where  communities  on  undisturbed  tailings  were  different 
than  natural  substrate.  We  reviewed  the  two  recommended  articles.  One 
(Kathman  et  al . 1984)  examined  Alice  Arm  benthic  community  composition 
in  tailings  affected  and  unaffected  areas.  Kathman  et  al . (1984) 
found,  based  on  cluster  analysis,  the  formally  impacted  stations  to  be 
indistinguishable  from  unimpacted  stations  11  months  after  tailings 
discharge  stopped,  thus  indicating  similar  species  composition  and 
abundance.  Although  some  differences  were  noted  in  these  studies  it 
was  apparent  that  most  of  the  community  was  the  same  before  and  after 
the  tailings  discharge.  Another  recent  study  at  Island  Copper  (Ellis 
and  Taylor  1987)  found  that  tailings  and  artificial  substrate  (similar 
to  tailings  in  size  composition)  were  colonized  by  similar  arrays  of 
taxa,  although  fewer  in  abundance  and  number  of  species.  These  results 
suggest  that  although  some  differences  in  species  composition  will 
occur,  the  recolonization  of  tailings  should  be  similar  to  that  prior 
to  tailings  discharge.  We  have  modified  the  text.  Section  4. 2. 2. 2,  in 
response  to  this  comment. 

R-4.3  Mitigation  and  Monitoring 

Several  commentors  (252/4,  261/5,  266/1)  noted  that  the  Revised  DEIS 
does  not  discuss  specific  mitigation  measures  which  would  be  used  to 
assure  that  tailings  behavior  and  impacts  in  Wilson  Arm  will  be  as 
predicted.  U.S.  Borax  has  made  a commitment  to  assure  that  monitoring 
will  detect  divergences  from  predicted  impacts  and  that  appropriate 
operational  changes  will  be  taken  if  necessary.  Operational  changes 
include  increasing  the  dilution  ratio  at  the  outfall,  providing  a 
deeper  outfall,  and  moving  the  outfall  downfjord.  More  drastic 
measures,  if  necessary,  include  shunting  the  tailings  to  Boca  de 
Quadra,  reconsidering  ocean  or  land  disposal,  and  shutting  down  the 
mine.  Additional  discussion  of  mitigation  measures  has  been  added  to 
Section  4.4  of  the  EIS.  Monitoring  is  addressed  in  Section  4.5. 
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A commentor  (264/2)  felt  that  there  is  a need  for  discussion  of 
proposed  monitoring  activities.  A monitoring  program  will  be  developed 
as  part  of  the  U.S.  Forest  Service  Special  Use  Permit  for  this 
project.  The  intent  of  this  program  will  be  to  assure  that  the 
provisions  of  ANILCA  are  carried  out  (i.e.,  that  the  productivity  of 
the  fish  resources  in  the  project  area  are  maintained).  Thus,  it  will 
be  the  Forest  Service  lead  responsibility  to  assure  that  the  monitoring 
program  will  be  sufficiently  sensitive  to  detect  any  significant 
impacts.  Discussion  of  the  proposed  monitoring  program  has  been  added 
to  the  Final  EIS,  Section  4.5. 

Two  commentors  (252/13,  181/13)  felt  that  the  Revised  DEIS  showed  an 
inadequate  understanding  of  gravel  cleaning  and  its  effects,  and  too 
much  reliance  on  gravel  cleaning  as  a mitigation  measure.  We  agree 
that  gravel  cleaning  is  not  appropriate  in  all  cases.  There  are 
certain  habitats  (e.g.,  deep  pools  or  boulder-strewn  areas)  where  such 
methods  may  be  entirely  inappropriate.  Also,  the  natural  flushing 
action  of  a stream  is  an  appropriate  cleanup  mechanism  if  the  source  of 
the  sediment  can  be  stopped  and  the  period  of  habitat  recovery  is 
reasonably  short.  However,  we  continue  to  believe  that  gravel  cleaning 
is  a viable  option  for  use  in  specific  habitats.  Gravel  cleaning  is 
often  performed  only  on  severely  impacted  environments,  where  natural 
flushing  action  may  take  too  long  to  reestablish  the  preexisting 
condition.  Although  negative  impacts  can  occur  from  gravel  cleaning, 
these  are  relatively  short-term  negative  effects.  The  long-term 
positive  effect  is  to  accelerate  the  return  of  the  system  to  its 
preexisting  and,  presumably,  productive  condition.  For  example,  if 
sedimentation  were  found  to  be  impacting  a given  reach  of  river,  it 
could  take  years  for  it  to  recover  under  natural  conditions.  Over  this 
period,  productivity  would  probably  decline.  Gravel  cleaning  could 
accelerate  the  recovery.  Implicit  in  these  situations  is  that  the 
source  of  sedimentation  is  eliminated  or  reduced  to  insignificant 
level  s. 

More  than  one  method  of  gravel  cleaning  is  presented  in  Section  4.4  of 
the  EIS  (e.g.,  bulldozer,  hydraulic  gravel  cleaner,  digging  bucket,  and 
a screened  vibrating  bucket).  The  method  to  be  employed  would  depend 
on  the  given  impact  and  the  results  of  consultation  with  the 
appropriate  review  agencies.  If  gravel  cleaning  were  found  to  be 
inappropriate  in  a given  situation,  other  mitigation  measures  such  as 
egg  incubation  boxes  could  be  used  to  sustain  the  fish  populations 
during  the  period  that  natural  conditions  are  being  restored.  Some 
form  of  additional  mitigation  could  be  imposed  to  compensate  for 
resource  losses  during  the  recovery  period.  It  is  assumed  that  any 
needed  cleanup  efforts  will  be  conducted  through  coordination  with  the 
U.S.  Forest  Service  and  the  Alaska  Department  of  Fish  and  Game. 

One  comment  (258/2)  stated  that  procedures  for  reclamation  must  be 
spelled  out  in  detail  prior  to  granting  of  permits.  We  do  not  agree 
that  any  more  detail  is  needed  at  this  point.  Reclamation  will  occur 
throughout  operation  and  post-mining  periods  of  the  project.  As 
described  in  the  EIS,  U.S.  Borax,  on  behalf  of  Pacific  Coast  Molybdenum 
Company,  has  maintained  and  will  be  required  to  maintain  a bond  with 
the  Forest  Service  conditioned  upon  compliance  with  reclamation 
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requirements.  Reclamation  activities  are  described  in  the  EIS 
(Section  4.4  and  Appendix  A).  Operational  details  of  these  activities 
will  be  incorporated  into  the  mine  development  plan  of  operations, 
which  must  be  approved  by  the  Forest  Service  prior  to  approval  to 
proceed. 

One  commentor  (252/12)  felt  that  the  discussion  of  mitigation  measures 
or  efforts  is  incomplete.  The  commentor  cited  potential  impacts  from 
earthquakes,  landslides,  and  avalanches  as  events  that  could  occur  in 
sensitive  areas,  thus  causing  extensive  impacts.  It  is  not  foreseen 
that  the  project  will  induce  any  earthquakes,  although  naturally 
occurring  earthquakes  are  possible.  Landslides  and  avalanches  could 
possibly  be  induced  by  project  activities.  Potential  impacts  of 
earthquakes,  landslides,  and  avalanches  are  discussed  extensively  in 
Sections  4.1.9  and  4.2.  Details  of  mitigation  measures  have  been 
expanded  in  the  Final  EIS,  Section  4.4.  Specific  measures  described  in 
the  EIS  can  be  taken  to  avoid  potential  impacts.  This  will  be 
accomplished  through  location  of  project  features  (e.g.,  roads),  design 
measures,  and  construction,  operation,  and  reclamation  practices. 

These  measures  will  be  regulated  through  provisions  of  the  Forest 
Service  Special  Use  Permit  and  other  permits  required  for  this  project. 

One  commentor  (262/1,2)  stated  that  monitoring  and  contingency  plans 
must  be  developed  for  detecting  divergence  from  predicted  tailings 
movements  and  any  violations  of  water  quality  standards.  U.S.  Borax 
has  stated  (U.S.  Borax  1987a)  that  it  "is  willing  to  commit  to  a 
monitoring  program  which  will  detect  divergence  from  predicted  tailings 
movements  and  cover  the  key  questions  of  concern  on  tailings  behavior 
and  its  effects."  Borax  also  stated  that  it  will  "commit  to  a 
contingency  plan  which  will  identify  possible  operational  steps  that 
would  be  taken  if  the  actual  tailings  behavior  varies  in  some  critical 
component  from  the  modeling."  These  plans  will  be  developed  in 
consultation  with  the  appropriate  resource  agencies  as  part  of  the 
project  permitting  process  that  will  follow  the  Final  EIS. 

Two  commentors  (176/7,  252/15)  inquired  about  the  source  of  funding  for 
mitigation  measures  and  for  monitoring  the  effects  of  mine  construction 
and  operation.  The  intent  of  the  planning  process  has  been  to  avoid  as 
many  impacts  as  possible  through  project  design,  thus  decreasing  the 
need  for  monitoring.  It  is  the  Forest  Service  responsibility  under 
ANILCA  to  assure  that  the  productivity  of  the  project-affected  area  is 
maintained.  The  Forest  Service  will  require  monitoring  as  part  of  its 
Special  Use  Permit.  U.S.  Borax  will  be  required  to  fund  monitoring  of 
the  effects  of  construction  and  operation.  Borax  will  also  be  required 
to  incorporate  mitigation  costs  into  the  overall  project  costs.  The 
establishment  of  a resource  advisory  group  (as  described  in  EIS  Section 
4.5)  will  be  part  of  this  requirement.  It  is  anticipated  that  the 
advisory  group  will  meet  on  a regular  basis  to  review  results  of 
project  monitoring  and  mitigation.  Response  plans  to  address 
unpredictable  events  such  as  oil  spills  and  landslides  will  be 
developed  in  consultation  with  the  resource  agencies.  Additional 
information  regarding  mitigation  measures,  monitoring,  and  the  resource 
advisory  group  has  been  added  to  the  text  of  the  Final  EIS,  Sections 
4.4  and  4.5. 
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R-5  SOCIOECONOMIC  IMPACTS 


Numerous  comments  concerning  socioeconomic  impacts  were  received.  Of 
these,  many  expressed  support  for  the  project  because  of  the  positive 
impact  it  would  have  on  employment,  income,  and  economic  diversity. 
These  comments  require  no  response.  Subsection  R-5.1  responds  to 
comments  about  the  project's  potential  impact  on  community  stability, 
and  the  factors  which  affect  a mine  shutdown  decision.  Subsection 
R-5. 2 is  devoted  to  the  value  of  the  southeast  Alaska  salmon  fishery 
and  the  impact  of  marine  tailings  disposal  on  the  fishing  industry. 
Subsection  R-5. 3 addresses  the  many  comments  concerning  the  project's 
impact  on  services  and  facilities  in  Ketchikan,  such  as  roads,  boat 
harbors,  and  the  ability  of  the  city  to  finance  additional  services. 
General  socioeconomic  comments  such  as  tax  payments  and  Forest  Service 
policies  are  addressed  in  Subsection  R-5. 4,  while  socioeconomic 
mitigation  measures  are  addressed  in  Subsection  R-5. 5. 

R-5.1  Community  Stability 

Three  commentors  (176/5,  252/7,  261/11)  questioned  the  conclusion  that 
Boca  de  Quadra  tailings  disposal,  because  it  would  increase  the  cost  of 
Quartz  Hill  molybdenum  by  55  cents  per  pound,  would  actually  increase 
the  likelihood  of  mine  shutdowns  and  thereby  reduce  community  stability 
compared  to  Wilson  Arm  disposal.  One  of  the  commentors  (261/11)  noted 
that  the  extra  55  cents  per  pound  would  be  more  likely  to  delay 
starting  the  project,  but  that  the  mine  would  remain  open  as  long  as 
the  variable  costs  of  production  are  covered.  Another  commentor 
(176/5)  stated  that  cheaper  tailings  disposal  in  Wilson  Arm  could 
simply  increase  profits  or  lead  to  faster  depletion  of  the  molybdenum 
and  earlier  mine  closure  in  the  long  run.  The  third  (252/7)  stated 
that  there  was  not  enough  information  to  conclude  there  would  be 
increased  community  stability  with  the  Wilson  Arm  disposal  option,  or 
that  the  Wilson  Arm  option  would  be  more  cost-effective  even  if 
mitigation  measures  are  required  and  included  in  cost  estimates.  We 
acknowledge  that  the  primary  effect  of  tailings  disposal  in  Boca  de 
Quadra  would  be  to  increase  the  capital  cost  of  the  project  and 
possibly  contribute  to  a delay  in  start-up.  However,  it  would  also 
carry  with  it  increased  operating  costs  in  the  form  of  both  higher 
annual  tailings  disposal  costs  and  higher  interest  payments  associated 
with  the  added  capital  cost.  These  added  costs,  in  conjunction  with  a 
falling  market  price  or  other  factors,  would  contribute  to  a mine 
shutdown  decision.  Because  there  are  so  many  factors  involved  in  a 
given  shutdown  decision,  the  wording  of  the  EIS  has  been  revised  to 
indicate  that  the  stated  impacts  could  occur  rather  than  that  they 
would  occur. 

One  commentor  (152/2)  noted  that  the  increased  cost  of  tailings 
disposal  [in  Boca  de  Quadra]  would  raise  the  price  of  molybdenum  to  the 
consumer  and  would  reduce  the  competitive  position  of  the  Quartz  Hill 
project.  We  concur  with  this  comment. 
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R-5.2  Economic  Value  of  Fishery  Resource 

In  related  comments,  it  is  asserted  that  tailings  disposal  in  Boca  de 
Quadra  would  be  more  responsive  to  socioeconomic  concerns  and  that 
Borax  should  be  forced  to  accept  that  alternative  despite  the  added 
expense  (206/4,  235/3),  that  Quartz  Hill  should  not  be  developed  at  the 
expense  of  the  existing  southeast  Alaska  fishery  (245/1,  235/2),  and 
that  the  Forest  Service  has  failed  to  weigh  the  potential  cost  to 
southeast  Alaska  of  the  destruction  of  the  Wilson  Arm  fishery  (252/8, 
C8/1 ) . We  acknowledge  the  economic  importance  of  the  southeast  Alaska 
fishing  industry.  However,  the  Quartz  Hill  impact  on  the  value  of  the 
commercial  fishery  is  expected  to  be  negligible.  As  pointed  out  in 
Section  4. 3. 1.2  of  the  EIS,  tailings  disposal  in  Wilson  Arm  might  be 
expected  to  reduce  the  value  of  the  multimillion  dollar  salmon  fishery 
by  less  than  $10,000  per  year  in  the  absence  of  any  mitigation 
measures.  This  figure  could  overestimate  the  real  impact,  because 
protection  of  the  fisheries  resource  is  mandated  by  ANILCA  and  because 
mitigation  measures  and  contingency  plans  have  been  agreed  to  by  U.S. 
Borax,  the  Forest  Service,  the  Alaska  Department  of  Fish  and  Game,  and 
other  interested  agencies  (see  Section  4.4).  It  is  therefore  not 
correct  to  assume  that  development  of  Quartz  Hill  will  measurably 
decrease  the  value  of  the  existing  commercial  fishing  industry,  or  to 
assume  that  Boca  de  Quadra  tailings  disposal  is  more  responsive  to 
socioeconomic  concerns. 

R-5.3  Community  Services  and  Facilities 

A commentor  (262/15)  felt  the  Revised  DEIS  did  not  adequately  portray 
the  effects  project  construction  and  start-up  would  have  on  city  and 
borough  finances.  Resource  Assessment,  Inc.  estimated  the  commute 
option  could  result  in  "one-time  capital  costs  of  $14.5  million  and  an 
annual  increase  of  $3.5  million  in  local  government  operating 
expenses."  The  commentor  admitted  these  figures  may  be  questionable 
but  said  they  indicate  local  budgets  could  be  significantly  affected. 

We  reviewed  the  referenced  document  and  found  that  the  cited  potential 
expenditures  are  total  gross  expenditures  and  do  not  include  potential 
revenues  derived  from  the  Quartz  Hill  project.  Second,  the  report's 
estimate  of  project-related  revenues  to  the  city  and  borough  are  based 
solely  on  property  and  sales  taxes.  Potential  user  fees  for  services, 
special  user  fees  (such  as  initial  water  and  sewer  hookup  fees),  and 
U.S.  Borax  mitigation  fees  and  payments  have  not  been  included  in  these 
estimates,  or  assessed  in  their  potential  to  pay  for  the  expenditure 
shortfall.  Third,  estimates  of  potential  costs  made  in  the  document 
are  not  wel 1 -documented,  and  we  do  not  agree  with  some  of  the 
assumptions.  Thus,  we  do  not  agree  with  the  implication  that  there 
will  be  large  city  and  borough  expenditures  resulting  from  Quartz  Hill 
which  will  not  be  met  by  project-rel ated  funds  and  fees.  The 
mitigation  procedures  and  plan  in  Section  4. 4. 3.1  and  Appendix  I have 
been  developed  to  measure  and  meet  unforeseen  project-related  costs  and 
U.S.  Borax  is  prepared  to  work  with  local  governments  and  agencies  to 
alleviate  such  problems. 
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A commentor  (262/18)  noted  the  Revised  DEIS  discussed  the  additional 
project-related  costs  of  maintaining  18.3  miles  of  city  streets  but  did 
not  discuss  additional  costs  to  be  incurred  maintaining  54  miles  of 
state-maintained  roads  in  the  borough.  The  commentor  felt  most  of  the 
project-induced  growth  would  occur  outside  Ketchikan  city  limits  and 
therefore  placed  greater  importance  upon  the  state-maintained  roads. 

We  disagree  with  the  opinion  that  most  of  the  growth,  excluding 
localized  minesite  workcamps  and  roads  which  will  be  developed  and 
maintained  by  U.S.  Borax,  will  occur  outside  the  city  with  the 
preferred  commuter  option.  As  stated  on  page  4-210  of  the  Revised 
DEIS,  we  assume  only  20  percent  of  the  new  project-related  housing  will 
be  constructed  outside  the  Ketchikan  city  limits.  Although  the  exact 
distribution  of  newcomers  cannot  be  precisely  predicted,  there  is 
little  doubt  most  of  the  growth  will  occur  within  city  limits.  A 
gravity  model,  used  to  estimate  potential  workers'  preferred  areas  of 
residence,  and  the  Ketchikan  Gateway  Borough  Planning  Department 
(Dragovich  1987)  support  this  view.  Therefore,  we  do  not  agree  with 
the  commentor' s implication  that  major  road  maintenance  impacts  can  be 
expected  outside  city  limits.  A conversation  with  a representative  of 
the  Alaska  Department  of  Transportation  (Schalep  1987)  also  supports 
this  view.  Discussion  of  this  information  has  been  added  to  the  text 
in  Sections  4.3.1 .2,  4. 3. 1.4,  and  4. 3. 1.5. 

A commentor  (262/19)  accurately  pointed  out  that  the  stated  $1.61 
million  (1983  dollars)  cost  for  building  230  additional  boat  slips  is 
unrealistic.  Further  research  indicated  that  the  figure  represents  the 
costs  for  harbor  construction  only.  To  obtain  a more  accurate  estimate 
of  the  costs  of  developing  an  additional  harbor  facility,  the  Ketchikan 
Harbormaster  was  contacted  about  the  actual  costs  for  developing  Bar 
Harbor  (containing  260  boat  slips  and  1,482  linear  feet  of  open 
moorage)  from  1978  through  1984.  That  project  had  harbor  construction 
costs  of  $2,122  million,  breakwater  construction  costs  of  $3,109 
million,  and  dredging  costs  of  $0,567  million  (Ensley  1987).  These 
costs  were  adjusted  to  1983  dollars  using  the  Consumer  Price  Index 
(CPI)  for  Seattle,  which  provides  a higher  cost  estimate  than  the  CPI 
for  the  City  of  Anchorage  or  the  United  States.  Upland  property 
acquisition  costs  could  not  be  estimated  because  of  exchange  agreements 
on  public  property  for  private  property,  and  therefore  costs  for 
on-land  facilities  also  could  not  be  estimated  (Ensley  1987). 
Approximately  90  percent  of  the  costs  for  construction  of  Bar  Harbor 
are  attributable  to  boat  slips  and  10  percent  to  open  moorage  (Ensley 
1987).  Conservatively  assuming  that  all  boats  associated  with  the 
project-induced  population  will  be  kept  in  boat  slips,  one  can 
extrapolate  harbor  costs  from  Bar  Harbor  to  that  resulting  from  the 
project.  Dividing  total  estimated  costs  of  $5.2182  million  (90  percent 
of  $5,798  million)  by  260  boat  slips  results  in  a cost  of  $20,070  per 
boat  slip.  The  pertinent  text  in  Sections  4. 3. 1.2,  4. 3. 1.4,  and 
4. 3. 1.5  has  been  changed  to  reflect  this  revised  cost  estimate. 

Finally,  a commentor  (262/20)  stated  the  Tongass  Narrows  Crossing 
Benefit/Cost  Study,  completed  in  1985,  recommended  the  continuance  of 
the  ferry  link  to  the  airport  through  the  year  2005,  with  additional 
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ferry  capacity  and  terminal  locations  and  expansion  occurring  as 
needed.  This  comment  is  noted  and  has  been  added  to  the  text  in 
Section  4.3.1 .2. 

R-5.4  General  Socioeconomic  Comments 

One  commentor  (232/2)  expressed  concern  for  socioeconomic  impacts  in 
Ketchikan  because  the  Forest  Service  has  stated  it  cannot  condition  its 
record  of  decision  on  actions  off  the  national  forest.  Thus,  for 
example,  the  Forest  Service  cannot  compel  U.S.  Borax  to  agree  to 
specific  mitigation  measures  designed  to  reduce  socioeconomic  impacts 
in  Ketchikan.  The  commentor  believes  the  Forest  Service  is  being 
inconsistent  because  it  is  conditioning  the  record  of  decision  on 
impacts  to  water  quality  and  fisheries  off  the  national  forest,  while 
refusing  to  do  the  same  with  reference  to  socioeconomic  impacts.  This 
apparent  discrepancy  comes  about  because  the  Forest  Service  is  mandated 
by  ANILCA  to  protect  the  fisheries  resource,  thereby  extending  its  area 
of  interest  and  jurisdiction  beyond  the  national  forest  boundaries  in 
this  particular  case.  No  similar  mandate  exists  for  socioeconomic 
impacts. 

One  commentor  (258/3)  suggested  that  the  Forest  Service  grant  a permit 
to  U.S.  Borax  on  condition  that  the  mine  not  be  developed  until  the 
molybdenum  price  is  at  least  $5. 00/lb  (1982  dollars).  This  concern  for 
long-term  stability  of  the  project  is  noted,  but  the  Forest  Service 
does  not  have  the  authority  to  grant  such  a conditional  permit. 

One  commentor  (262/16)  questioned  the  discrepancy  between  U.S.  Borax's 
estimates  of  its  tax  liability  ($5.0  million)  and  a Forest  Service 
estimate  of  state  taxes  ($280  to  $330  thousand).  In  addition,  one 
commentor  stated  that  the  State  of  Alaska  should  receive  a fair  price 
for  the  molybdenum  extracted  from  the  project  (174/2).  U.S.  Borax  owns 
the  mineral  rights  to  the  proposed  Quartz  Hill  site,  and  will  pay  taxes 
related  to  doing  business  in  Alaska.  The  tax  estimate  has  recently 
been  revised,  based  on  three  Alaskan  taxes:  1)  Alaska  income  tax,  with 

a rate  rising  to  9.4  percent  of  taxable  income  over  $90,000,  2)  Alaska 
minimum  tax,  which  equals  18  percent  of  the  federal  minimum  tax,  and 
3)  Alaska  mining  license  tax,  with  a rate  rising  to  7 percent  of  net 
income  over  $90,000.  Over  the  initial  project  life  of  24  years  (4 
years  of  development  plus  20  years  of  operation),  the  combined  total  of 
the  three  taxes  paid  to  the  State  of  Alaska  is  estimated  at  $134 
million,  an  average  of  $5.6  million  per  year.  Due  to  start-up  costs 
and  other  factors,  taxes  would  begin  at  about  $2  million  in  the  fifth 
year  of  operation,  rise  to  $12  million  in  years  14-16,  and  drop  back  to 
$8  million  in  years  17-20.  EIS  Section  4. 3. 2.1  and  Appendix  J have 
been  revised  to  reflect  this  new  tax  estimate. 

The  taxes  to  be  paid  by  U.S.  Borax  are  established  by  law  and  would  be 
applicable  to  any  similar  existing  business  or  proposed  project  in 
Alaska.  They  do  not  represent  any  special  tax  breaks  from  the  State. 
Additional  state  taxes  will  also  be  collected  as  a result  of 
project-related  activities.  As  stated  on  pages  4-238  and  4-239  of  the 
Revised  DEIS,  $180,000  could  be  collected  annually  by  the  State  in 
taxes  and  fees  from  the  workforce  (from  an  estimated  2,800 
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project-related  population)  Additional  corporate  income  taxes  paid  by 
firms  doing  business  with  the  Quartz  Hill  project  were  estimated  (by 
the  State)  to  be  $100,000  per  year. 

The  Ketchikan  Gateway  Borough  (267/1)  questioned  the  assumption  that  80 
percent  of  the  population  growth  during  project  development  and 
operation  will  take  place  in  the  City  of  Ketchikan.  The  Borough  said 
it  is  not  the  source  of  that  assumption,  although  it  is  cited  as  such. 
The  80  percent  figure  was  not  arrived  at  by  averaging  70  percent  and  90 
percent,  as  suggested  in  the  Borough's  letter.  It  is  the  result  of  a 
more  complex  equation  assuming:  1)  90  percent  of  new  multi  family  units 

are  built  in  the  city;  2)  81  percent  of  new  single  family  units  are 
located  in  the  city,  so  that  the  overall  city  share  of  single  family 
houses  rises  from  65  to  70  percent;  and  3)  the  distribution  of  mobile 
and  other  housing  units  remains  the  same.  These  percentages,  when 
applied  to  the  number  of  new  housing  units  estimated  in  Appendix  I, 
Table  I-1B,  work  out  to  80  percent  of  the  people  locating  in  Ketchikan 
and  20  percent  locating  in  the  borough  outside  the  city. 

Two  comments  (262/5,17)  were  made  about  the  demographic,  services,  and 
facilities  baseline  data  being  based  upon  early  1980s  studies  and 
project-induced  impacts  then  being  calculated  upon  those  data.  Because 
the  construction  schedule  has  been  delayed  and  no  new  schedule  has  been 
set,  the  commentors  recommended  the  data  be  reexamined  once  the  new 
schedule  was  set  to  determine  whether  it  and  the  projected  impacts  were 
still  accurate.  The  commentors  felt  this  would  aid  U.S.  Borax  and  the 
affected  agencies  in  reasonably  responding  to  community  needs.  These 
comments  are  acknowledged  and  will  be  complied  with  when  the  new 
schedule  is  established.  No  revisions  have  been  made  to  the  EIS. 

One  commentor  (262/13)  stated  that  the  project  will  be  located  outside 
existing  borough  boundaries  and  will  not  be  subject  to  borough 
taxation.  In  addition,  property  taxes  are  not  levied  by  the  borough 
and  thus  will  not  be  assessed  against  project-related  in-migrants 
moving  into  the  borough.  However,  new  construction  in  Ketchikan, 
derived  from  project-related  growth,  will  increase  property  tax 
revenues  to  that  jurisdiction.  The  narrative  on  pages  4-209  through 
4-210  and  4-227  of  the  Revised  DEIS  already  discusses  this  point.  No 
changes  have  been  made  to  the  text. 

R-5.5  Socioeconomic  Mitigation 

Strong  concern  was  expressed  by  a commentor  (232/1)  about  the  task  of 
mitigating  socioeconomic  impacts  to  the  City  of  Ketchikan.  The 
commentor  said  the  task  was  being  made  more  difficult  by  "the  lack  of 
substantive  progress  in  negotiations  with  U.S.  Borax  on  impact 
mitigation"  and  "the  U.S.  Forest  Service's  failure  to  treat  the 
socioeconomic  impacts  as  serioustly]  as  the  environmental  impacts."  We 
disagree  with  this  view.  Ketchikan  Gateway  Borough,  the  Cities  of 
Ketchikan  and  Saxman,  and  U.S.  Borax  have  discussed  and  signed  a 
Memorandum  of  Understanding  (M0U)  for  mitigating  future  socioeconomic 
impacts  caused  by  the  project.  This  MOU  was  entered  into  upon 
recommendation  by  the  U.S.  Forest  Service  (see  Appendix  I).  It 
outlines  a set  of  procedures  for  estimating  and  mitigating  impacts 
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under  a blanket  of  "good  faith."  In  addition,  U.S.  Borax  agreed  to 
employ  a community  liaison  officer  from  the  effective  date  of  the  MOU 
through  the  first  5 years  of  operation.  Although  the  Revised  DEIS 
discusses  potential  impacts  of  the  project  in  detail  and 
Section  4. 4. 3.1,  Socioeconomic  Mitigation  Measures,  provides  conceptual 
measures  for  mitigating  those  impacts,  detailed  procedures  and 
mitigative  measures  cannot  be  recommended  based  upon  anticipated 
impacts.  The  mitigation  program  must  remain  responsive  and  flexible  to 
properly  respond  to  the  degree  of  impacts  and  to  unanticipated 
impacts.  This  requires  being  sensitive  to  potential  impacts  outlined 
in  the  MOU  List  of  Discussion  Issues  and  addressing  each  impact  on  a 
case-by-case  basis.  The  public  representatives ' willingness  to  enter 
into  the  MOU  and  U.S.  Borax's  intention  to  abide  by  it  represent  a 
serious  commitment  to  mitigating  socioeconomic  impacts  caused  by  the 
Quartz  Hill  project.  The  commentor  (232/3)  also  felt  U.S.  Borax  should 
not  assume  that  impacts  will  be  successfully  mitigated.  U.S.  Borax  has 
set  the  goal  of  reasonable  mitigation  of  project  impacts.  Therefore, 
it  is  not  an  assumption  but  a goal  to  strive  for  and  meet. 

Comments  were  made  (262/6,14)  about  the  emphasis  placed  in  the  Revised 
DEIS  on  the  role  of  federal  and  state  funding  in  providing  the  services 
needed  by  the  project-induced  population  in-migration.  The  commentors 
stated  it  was  unacceptable  to  rely  upon  federal  and  state  government 
funding  of  capital  projects  and  local  operating  budget  increases.  They 
suggested  a negotiated  settlement  between  U.S.  Borax,  local 
governments,  and  affected  agencies  to  establish  baseline  levels  of 
services,  procedures  for  determining  project-induced  impacts  above 
those  baseline  levels,  and  assigning  responsibility  for  mitigating 
those  impacts.  Baseline  data  presented  on  pages  3-124  through  3-135  of 
the  Revised  DEIS  and  the  discussion  of  potential  project  impacts  from 
the  preferred  "commute"  option  on  pages  4-168  through  4-212  of  the 
Revised  DEIS  provide  much  of  these  requested  data.  Although  the  data 
require  updating,  as  stated  above,  we  assume  they  provide  a majority  of 
the  baseline  information  needed  to  measure  project  impacts.  Also, 
Appendix  I already  contains  a signed  MOU,  as  stated  above,  which  was 
based  upon  negotiations  between  the  potentially  affected  parties. 

Again,  U.S.  Borax  has  agreed  to  act  in  good  faith  to  mitigate 
project-induced  impacts  and  appropriate  mitigative  measures  will  be 
established  on  a case-by-case  basis  to  produce  the  best  results.  The 
statements  being  questioned  on  pages  4-168  through  4-238  of  the  Revised 
DEIS  present  only  existing  federal  and  state  funding  levels  of 
community  services  and  facilities.  U.S.  Borax  does  not  assume  those 
funds  will  be  solely  relied  upon  for  project  mitigation.  Section 
4. 4. 3.1  has  been  revised  to  indicate  that  federal  and  state  funds  will 
be  used  for  impact  mitigation  to  the  extent  that  they  are  available 
when  the  project  is  actually  developed. 

R-6  TRANSMISSION  LINE 

Several  comments  were  received  concerning  the  relationship  of  the 
Quartz  Hill  development  and  a transmission  link  to  B.C.  Hydro  and/or 
the  southeast  Alaska  intertie  project,  an  electrical  transmission 
project  studied  by  the  Alaska  Power  Authority  (APA). 
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Three  commentors  (93/2,  266/4,  262/21)  focused  on  the  benefits  which 
could  be  derived  by  Quartz  Hill  and  other  areas  of  southeast  Alaska  if 
the  Quartz  Hill  electrical  load  helped  justify  construction  of  the 
intertie.  These  benefits  included  low  cost  power,  reduction  in  oil 
spill  hazard,  and  reduction  in  air  and  noise  pollution.  The  Alaska 
Power  Authority's  study  of  the  southeast  Alaska  intertie  (APA  1987) 
concluded  that,  from  an  economic  perspective,  the  three  most  favorable 
routes  for  development  include  new  transmission  links  between  the 
following: 

1)  Snettisham  and  Sitka  via  Juneau,  Green's  Creek  Mine,  Hoonah 
and  Tenakee  Springs; 

2)  Petersburg,  Wrangell,  and  Ketchikan  via  a Tyee  Lake-Swan  Lake 
intertie;  and 

3)  Quartz  Hill  and  B.C.  Hydro  at  Kitsault,  B.C. 

Together,  these  three  routes  make  up  the  Power  Authority's  preferred 
expansion  plan.  The  preferred  expansion  plan  does  not  include  a link 
between  Quartz  Hill  and  the  rest  of  the  southeast  Alaska  intertie  (such 
as  Swan  Lake  and  Ketchikan),  although  such  a link  was  studied  and 
considered  economically  and  technically  feasible.  The  Power  Authority 
study  concluded  that,  while  the  Quartz  Hi  11 -B.C.  Hydro  link  has  the 
highest  benefit  cost  ratio  of  any  connection  studied,  both  the 
Snettisham  to  Sitka  and  the  Tyee-Swan  Lake  developments  warrant 
implementation  regardless  of  the  status  of  Quartz  Hill.  Thus, 
inclusion  of  the  Quartz  Hill  load  does  not  appear  to  be  necessary  to 
justify  development  of  other  portions  of  the  southeast  Alaska  intertie 
system,  and  the  benefits  of  an  intertied  southeast  Alaska  electrical 
transmission  system  can  be  achieved  without  linking  to  Quartz  Hill.  On 
the  environmental  side,  it  is  acknowledged  that  a transmission  intertie 
would  eliminate  any  impacts  associated  with  on-site  power  generation. 

Two  commentors  (261/17;  252/1 9a)  contended  that  tailings  disposal  in 
Wilson  Arm  would  eliminate  the  submarine  route  for  the  intertie  and 
force  location  of  the  intertie  on  an  overland  route  through  wilderness 
and  nonwilderness  areas,  and  that  the  cumulative  impacts  of  that  action 
must  be  addressed  in  the  EIS.  We  note  the  impacts  the  intertie  could 
produce,  and  have  added  a discussion  of  cumulative  impacts  to 
Section  2.8.  However,  it  is  clear  from  the  Power  Authority's  intertie 
study  (APA  1987)  that  tailings  disposal  in  Wilson  Arm,  while  a factor 
in  closing  off  submarine  cable  options  in  Wilson  Arm,  is  not  the  sole 
reason  for  rejecting  that  option.  Additionally,  the  commentor  should 
be  aware  that  there  are  no  routes  linking  Quartz  Hill  to  Swan  Lake  or 
Ketchikan  (and  hence  the  rest  of  the  intertie),  which  completely  avoids 
crossing  the  wilderness  area,  regardless  of  whether  a submarine  section 
in  Wilson  Arm  is  utilized. 
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R-7  WATER  QUALITY 


This  section  addresses  those  comments  that  concern  water  quality  but 
are  not  directly  related  to  tailings  disposal.  Many  of  the  comments 
relate  to  clarified  or  updated  water  quality  standards  that  apply  to 
the  project. 

Two  commentors  (261/15,  262/9)  noted  that  there  are  new  EPA  water 
quality  values  for  zinc,  or  expressed  concern  over  whether  the  most 
stringent  or  appropriate  criteria  have  been  applied,  particularly  with 
regard  to  Alaska  receiving  water  standards.  In  response  to  these 
comments,  one  must  first  recognize  that  several  of  these  criteria  were 
published  subsequent  to  release  of  the  Revised  DEIS  in  mid-April  1986. 
However,  the  text  and  tables  in  Chapter  4 and  Appendix  E have  been 
reviewed  and  revised  to  reflect  the  current  EPA  criteria,  which  are 
also  used  by  the  State  of  Alaska  in  development  of  receiving  water 
standards.  The  superseded  criteria  values  and  associated  discussion 
have  been  deleted  from  Appendix  E in  order  to  avoid  confusion.  At  the 
direction  of  the  ADEC,  the  use  of  acute  based  criteria  values  were  used 
in  the  modeling  effort  to  determine  mixing  zones.  We  recognize  that 
these  acute  criteria  may  not  be  the  final  receiving  water  standards 
that  will  be  adopted  by  the  state  in  relation  to  the  proposed  project, 
but  believe  that  they  are  the  appropriate  reference  standards  to  use  in 
project  planning. 

Several  comments  (261/13,14;  262/8)  expressed  some  concern  over 
projected  water  quality.  It  was  noted  that,  in  addition  to 
contaminants  previously  mentioned,  cadmium  and  lead  may  exceed 
potential  water  quality  standards  in  Beaver  Creek  and  White  Creek/Hill 
Creek.  Concern  was  expressed  over  possible  mistakes  in  the  analysis. 

In  response  to  these  comments,  several  key  points  should  be  noted. 
First,  in  numerous  early  discussions  with  the  ADEC,  it  was  finally 
agreed  that  EPA  acute  values  would  serve  as  the  basis  for  comparison  in 
the  performance  of  the  modeling.  It  is  recognized  that  ultimately 
these  values  may  not  serve  as  the  actual  standards,  and  this  is  noted 
in  the  text.  Second,  although  there  has  been  much  discussion  regarding 
mixinq  zones,  and  it  appears  that  the  falls  of  Beaver  Creek  (Boundary 
Falls)  may  serve  as  the  logical  boundary  for  the  mixing  zone  on  this 
stream,  no  formal  agreement  has  yet  been  reached  on  the  actual  mixing 
zone  boundaries.  Third,  no  formal  agreement  has  been  reached  on  the 
applicable  standards.  Actual  permit  requirements  must  be  negotiated 
between  the  appropriate  agencies  and  Borax.  Finally,  Borax  is  on 
record  and  has  committed  to  satisfy  the  water  quality  standards  at  the 
boundary  of  the  mixing  zone  when  it  is  formally  established  in  the 
permit. 

The  above  points,  as  well  as  inherent  modeling  uncertainty,  have  served 
as  a part  of  the  rationale  and  justification  for  the  proposed 
monitoring  program.  It  does  appear  that,  under  certain  scenarios 
(application  of  chronic  criteria  and  a falls  mixing  zone  boundary), 
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cadmium  and  lead  may  exceed  potential  standards  in  addition  to  the 
other  parameters  mentioned  in  the  text.  The  text  has  been  revised  to 
acknowledge  this.  If  the  monitoring  does  indicate  a potential  problem, 
appropriate  treatment  systems  are  available  to  assure  compliance  with 
the  permits  and  water  quality  criteria.  The  design  of  the  system 
cannot  be  provided  until  formal  standards  and  mixing  zones  are  adopted 
and  monitoring  data  have  been  collected.  The  analysis  has  been 
reviewed  in  light  of  the  original  understandings  noted  above  and  the 
recently  published  criteria.  The  text  has  been  revised  where 
appropriate. 

The  EPA  (261/16)  expressed  concern  over  our  argument  that  drinking 
water  standards  were  not  applied  because  the  water  is  not  a proposed 
supply  source  for  drinking  water.  This  position  appears  to  be  in 
conflict  with  current  ADEC  regulations.  It  is  now  ADEC's  position  that 
the  drinking  water  standards  should  be  applied,  at  least  as  a starting 
point  in  negotiating  the  appropriate  permits.  This  represents  a shift 
in  position  from  understandings  previously  reached  with  the  ADEC.  The 
text  has  been  revised  to  reflect  this  change. 

One  commentor  (244/15,32)  was  concerned  about  the  statements  on 
pages  4-28  and  E-19  that  some  test  results  concerning  acid-producing 
potential  were  questioned  because  samples  were  ore-like  rather  than 
waste  rock.  The  commentor  felt  that  "an  in-depth  understanding  of  the 
geology  of  the  ore  and  waste  rock  . . . show  that  the  acid-producing 
characteristics  of  samples  tested  are  equally  representative  of  the 
waste  rock."  It  was  also  noted  that  Borax  would  produce  a waste 
disposal  plan  that  would  address  and  minimize  any  unforeseen  problems. 
In  response,  we  feel  the  text  is  correct  and  is  essentially  supportive 
of  the  commentor's  position.  At  the  given  point  in  time,  there  was  a 
legitimate  question  regarding  comparability  of  the  samples  to  waste 
rock.  A modifying  statement  has  been  added  to  the  text  to  clarify  the 
timing  of  the  concern.  A careful  reading  of  the  narrative  on  page 
4-30,  however,  notes  that  concerns  were  further  addressed  by  subsequent 
additional  testing,  and  that  adherence  to  the  waste  plan  could  prevent 
any  extensive  chemical  or  microbiological  leaching  from  the  waste 
rock.  A detailed  exposition  of  the  comparative  geology  of  the  ore  and 
waste  rock  at  this  point  in  the  text  is  not  warranted. 

One  commentor  (262/10)  felt  that,  although  more  details  would  be  made 
available  during  the  NPDES  review  process,  it  was  not  premature  to 
raise  concerns  about  discharges  of  chlorinated  effluents  into  fresh  and 
marine  waters.  In  response,  during  a recent  development  meeting 
between  Borax  representatives  and  agency  personnel,  it  was  agreed  that 
Beaver  Creek  housing  and  service  area  sewage  effluent  will  be 
discharged  to  a drain  field  system  rather  than  to  a stream.  In 
addition,  for  marine  discharges,  chlorination  would  not  be  considered. 
Although  not  discussed  at  the  meeting,  there  are  also  alternative 
treatment  technologies  such  as  dechlorination  or  ozonation  which  can  be 
considered.  Several  sections  of  the  text  have  been  revised  to  reflect 
these  changes  and  considerations. 
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R-8  AIR  QUALITY 


One  commentor  (252/17)  stated  that  no  justification  was  provided  within 
the  Revised  DEIS  for  considering  the  Quartz  Hill  project  as  "two 
distinct  and  separate  air  quality  sources."  In  support  of  this 
position,  the  commentor  stated  that  the  ADEC  had  to  make  certain 
determinations  and  that  the  deficiency  in  air  quality  from  Quartz  Hill 
would  be  a NEPA  violation.  Subsequent  consultation  with  ADEC  and  EPA 
representatives  verified  that  the  agencies  agree  the  project  represents 
two  separate  air  quality  sources.  In  addition,  modeling  demonstrates 
that  all  emissions  will  comply  with  Prevention  of  Significant 
Deterioration  (PSD)  requirements.  Therefore,  no  changes  have  been  made 
to  the  EIS  regarding  this  issue. 

One  commentor  (262/11)  noted  that  PSD  has  not  been  triggered  in  the 
project  area  for  total  suspended  particulate  (TSP)  matter.  Therefore, 
the  project  is  not  subject  to  PSD  increments  for  that  pollutant.  Text 
Section  4.1 .1.2  has  been  revised  to  reflect  this  comment. 

One  commentor  (262/12)  pointed  out  that  Figure  4-1  in  the  Revised  DEIS 
shows  an  earlier  proposed  version  of  the  mine  area  ambient  air  quality 
boundary.  The  final  boundary  was  determined  by  the  ADEC  staff.  We 
agree  that  the  air  quality  boundary  shown  in  Figure  4-1  is  very 
slightly  incorrect.  The  incorrectly  displayed  section  is  at  the  far 
northwest  part  of  the  site.  However,  as  shown  in  Figure  C-5-1 , the 
maximum  air  quality  impacts  are  modeled  to  occur  at  the  far  southern 
end  of  the  site.  The  slight  error  in  the  displayed  boundary  therefore 
does  not  affect  either  the  results  or  conclusions  of  the  air  quality 
analysis. 

One  commentor  (261/18)  noted  an  inconsistency  in  ADEC  and  EPA 
regulations  to  implement  PSD.  The  ADEC  is  currently  revising  its  air 
quality  regulations  and  the  new  regulations  will  be  similar  to  the 
EPA's.  The  EIS  text  accurately  describes  the  revised  ADEC  regulations 
which  will  be  applicable  to  the  project. 

One  commentor  (261/19)  pointed  out  that  the  EPA  has  adopted  new 
regulations  for  particulate  matter,  replacing  the  National  Ambient  Air 
Quality  Standard  (NAAQS)  for  total  suspended  particulate  matter  (TSP) 
with  a standard  for  suspended  particulate  matter  smaller  than  10 
microns  (PM-10).  The  text  of  Appendix  C,  Section  1.2.2  has  been 
revised  to  address  PM-10.  No  new  modeling  is  necessary  since  the  PM-10 
standards  are  greater  than  the  impact  values  found  for  TSP.  Emissions 
of  fine  particles  are  a fraction  of  all  particles. 

One  commentor  (261/20)  requested  that  reference  in  Section  4. 1.1. 2 to 
TSP  concentrations  slightly  less  than  150  micrograms  per  cubic  meter  as 
insignificant  should  be  changed.  The  text  has  been  changed  to  reflect 
this  comment. 

One  commentor  (261/21)  requested  an  evaluation  of  the  impact  of  air 
emissions  on  visibility  based  on  methods  contained  in  the  Workbook  for 
Estimating  Visibility  Impairment  (EPA-450/4-80-03) . A visibility 
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analysis  has  been  performed.  No  significant  visibility  impacts  are 
expected.  The  results  of  the  visibility  impact  analysis  have  been 
added  to  Appendix  C,  Section  5.5. 

R-9  GENERAL  COMMENTS 

One  commentor  (197/1)  took  issue  with  the  position  frequently  expressed 
in  the  Revised  DEIS  that  "all  actions  in  the  Quartz  Hill  project  area 
should  be  designed  to  minimize  all  human  impact."  The  commentor 
believes  the  goal  of  permitting  agencies  should  be  to  minimize  negative 
impacts  and  also  recognize  opportunities  to  produce  public  benefits. 

We  concur  with  the  commentor,  and  believe  that  the  EIS  adequately 
acknowledges  potential  project  benefits.  These  include  income  and 
employment  benefits  associated  with  the  project. 

One  commentor  (164/1),  cognizant  of  rapidly  changing  technology  and 
environmental  laws,  stated  that  all  permits  and  licenses  issued  at  this 
time  should  require  a full  review  and  compliance  with  laws  and 
regulations  in  effect  at  the  time  production  is  to  begin.  We  agree 
with  the  commentor  that  technology,  regulations,  economics,  and  other 
circumstances  are  constantly  changing,  and  that  regulatory  agencies  and 
project  developers  must  be  responsive  to  these  changes.  At  the  same 
time,  we  recognize  that  U.S.  Borax  has  legally  acquired  property  rights 
to  develop  their  mining  interests  at  the  Quartz  Hill  site,  and  that 
they  have  a legal  right  to  apply  for  permits  now.  The  U.S.  Forest 
Service  and  other  regulatory  agencies  have  the  obligation  to  grant 
those  permits  at  this  time  if  U.S.  Borax  qualifies  under  current  laws 
and  regulations.  In  order  to  address  possible  future  changes,  permits 
are  subject  to  annual  and  5-year  reviews.  Based  on  these  reviews, 
permits  may  be  modified  to  reflect  such  things  as  new  information, 
technological  change,  or  new  environmental  regulations. 

One  commentor  (206/2)  recommended  that  lands  not  impacted  by  the 
approved  project  should  be  incorporated  as  part  of  the  Misty  Fiords 
Wilderness.  The  commentor  felt  that  more  land  was  excluded  from  the 
wilderness  by  Congress  than  was  needed  for  the  project.  A request  was 
made  to  include  the  Wilson,  Blossom,  and  Keta  rivers  in  the  potential 
review  and  redesignation  of  wilderness  lands.  The  comment  raises  a 
valid  issue  that  will  be  resolved  in  the  appropriate  forum,  which  is 
the  national  forest  planning  process.  Land  management  designations  for 
all  Tongass  National  Forest  lands,  including  the  Misty  Fiords  National 
Monument  nonwilderness  area,  will  be  reevaluated  in  the  development  of 
the  new  Tongass  National  Forest  Plan.  Lands  found  suitable  for 
wilderness  will  be  identified  in  the  plan  and  recommended  by  the  Forest 
Service  for  designation  by  Congress.  This  planning  process  is 
currently  scheduled  to  be  completed  over  the  next  few  years. 

Without  prejudice  to  the  outcome  of  this  planning  process,  it  should  be 
noted  that  redesignation  of  Misty  Fiords  National  Monument 
nonwilderness  lands  during  this  planning  cycle  is  not  likely.  The 
extent  of  this  area  was  established  in  ANILCA  such  that  mining 
facilities  would  not  be  visible  from  within  the  wilderness.  While 
relatively  little  of  the  nonwilderness  area  would  be  actively  used  for 
the  Quartz  Hill  project,  the  remaining  nonwilderness  lands  can  be 
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maintained  in  a pristine  condition  for  later  wilderness  designation. 
Expansion  of  the  wilderness  area,  therefore,  is  not  likely  to  be 
actively  considered  until  after  the  operational  period  of  the  mine, 
when  the  project  area  is  reclaimed.  In  the  interim,  the  nonwilderness 
lands  will  still  be  subject  to  the  use  limitations  of  the  National 
Monument  designation. 

One  commentor  (252/18)  stated  that  the  Revised  DEIS  fails  to  set  an 
appropriate  bond.  The  commentor  contended  that  the  Forest  Service  must 
circulate  for  review  and  comment  a study  on  the  appropriate  amount  of 
the  bond,  as  a supplement  to  the  Revised  DEIS.  The  Forest  Service  does 
not  agree  that  the  bond  must  be  set  at  this  time.  As  stated  in  the 
Revised  DEIS,  the  Forest  Service  will  require  a bond  in  sufficient 
amount  to  ensure  that  the  required  reclamation  is  completed.  Bonding 
requirements  will  be  reviewed  annually,  or  as  often  as  needed,  based  on 
U.S.  Borax's  annual  operating  plan.  U.S.  Borax  will  be  required  in 
their  annual  operating  plan  to  show  their  construction,  maintenance, 
and  operation  plans  for  the  period.  The  Forest  Service  will  calculate 
bonding  needs  using  the  format  prescribed  in  the  Forest  Service  Manual, 
FSM  6506.82.  The  procedure  outlined  here  is  the  same  as  that  used  for 
the  bulk  sample  access  road.  For  that  phase  of  the  project,  the  bond 
was  calculated  after  issuance  of  the  Final  EIS. 

One  commentor  (252/20)  incorporated  by  reference  their  previous 
comments  to  the  Forest  Service  on  the  first  DEIS  and  to  the  EPA  on  the 
draft  NPDES  permit.  We  acknowledge  receipt  of  those  comments,  which 
were  responded  to  by  the  Forest  Service  and  EPA  in  the  Revised  DEIS. 

The  Sierra  Club  Legal  Defense  Fund  (252/1,2)  contended  that  submarine 
disposal  of  tailings  violates  substantive  provisions  of  ANILCA  and  the 
procedural  provisions  of  both  ANILCA  and  NEPA.  Data  gaps  documented  in 
the  Revised  DEIS  are  cited  to  substantiate  their  position.  The  missing 
data  are  unobtainable  at  this  time.  Worst  case  analyses  and  modeling 
were  used  to  estimate  effects.  For  example,  see  the  discussion  on 
dissolved  metals  in  the  near  field  in  Appendix  F.  All  activities  will 
be  conducted  to  minimize  adverse  environmental  impacts.  As  stated  in 
the  Revised  DEIS,  bottom  organisms  and  some  members  of  commercial  fish 
or  shellfish  species  are  projected  to  be  lost  from  the  mine 
activities.  Losses  are  expected  to  be  localized  and  insignificant 
within  the  context  of  the  fishery  resource  in  the  study  area. 

The  estimated  losses  are  based  on  the  best  information  available. 
Additional  information  may  always  improve  projections,  but  at  this  time 
the  existing  information  is  believed  by  the  Forest  Service,  and  the 
EPA,  to  be  adequate  to  support  this  EIS.  Both  the  Forest  Service 
Special  Use  Permit  and  the  EPA  NPDES  permit  will  include  stringent 
requirements  for  project  compliance  with  standards  that  will  maintain 
the  productivity  of  the  fishery  resource. 
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Because  absolute  knowledge  of  exactly  what  will  happen  when  the  mine  is 
in  operation  is  not  known,  the  Forest  Service  will  coordinate  a 
rigorous  monitoring  program  of  all  mine  activities.  If  it  becomes 
apparent  that  unprojected  significant  impacts  are  likely  to  occur,  mine 
operations  will  be  altered,  or  closed  down  if  necessary,  to  eliminate 
significant  impacts. 

One  commentor  (137/2)  was  concerned  about  finding  the  best  possible 
location  for  a Quartz  Hill  townsite--taking  into  consideration  spatial 
allocations,  exposure  to  sunlight,  and  adequacy  of  waste  disposal.  The 
commentor  felt  the  townsite  could  potentially  become  a large  city  and 
should  be  well  planned.  Townsite  alternatives  are  analyzed  in  the  EIS 
for  their  environmental,  socioeconomic,  and  aesthetic  effects. 

However,  as  stated  in  the  Summary  and  Section  2.2.6  of  the  EIS,  the 
preferred  housing  option  for  Quartz  Hill  employees  is  the  "commute 
option."  This  option  involves  construction  of  a work  camp  to  house 
workers  at  the  mine  and  plant  sites,  who  would  live  permanently  in 
Ketchikan  and  would  commute  to  the  site.  Because  this  proposed  option 
does  not  include  developing  a townsite,  the  comment  is  not  applicable 
at  this  time. 

One  commentor  (244/10)  noted  that  a paragraph  in  Section  2.5.5 
describing  the  wharf  upfjord  of  Wilson  Arm  was  incorrect.  That 
paragraph  has  been  corrected  to  indicate  that  major  filling  would  be 
required. 

One  commentor  (252/1 9b)  noted  that  the  impacts  of  a proposed  log 
transfer  facility  should  be  included  in  the  EIS.  The  temporary  log 
transfer  facility  in  question  was  formerly  part  of  the  U.S.  Borax 
application  to  the  Corps  of  Engineers  (see  RDEIS  Appendix  P),  but  is  no 
longer  part  of  the  application.  U.S.  Borax  plans  to  submit  a separate 
application  to  the  Corps  of  Engineers  at  a later  date.  That 
application  will  be  processed  according  to  existing  Corps/EPA 
procedures  for  log  transfer  and  storage  facilities  in  Alaska.  Because 
the  facility  will  handle  only  a few  million  board  feet  of  timber  over 
its  six-year  life,  and  because  most  of  the  required  components  will  be 
in  place  as  part  of  the  Wilson  Arm  floating  camp  and  wharf  facility, 
the  log  transfer  facility  is  expected  to  produce  negligible  additional 
impacts.  A discussion  of  the  potential  impacts  of  the  facility  has 
been  added  to  EIS  Section  2.8,  Cumulative  Impacts. 

R-10  EDITORIAL  COMMENTS 

Two  commentors  (181/7;  244/26-31)  noted  several  typographical  errors 
and  inconsistencies  in  the  text.  We  have  made  Table  C-2-4  consistent 
with  Table  11-10,  have  removed  mention  of  a buried  pipeline,  have 
changed  the  average  annual  precipitation  to  150  inches  on  page  A-96, 
have  changed  the  reference  for  certain  engineering  data,  and  have 
changed  all  calculations  in  Appendix  C to  reflect  corrected 
tractor-trai 1 er  round  trip  mileage  and  blast  areas. 

U.S.  Borax  noted  (244/25)  that  Appendix  A,  Figure  II-l  , does  not  show 
Boca  de  Quadra  tailings  disposal  as  discussed  in  Section  II.  In 
preparing  the  Final  EIS,  we  have  adjusted  the  text  so  that  Wilson  Arm 
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tailings  disposal  is  discussed  in  Section  II  as  the  preferred 
alternative  and  Boca  de  Quadra  disposal  is  discussed  in  Section  III 
with  other  alternatives.  Figures  and  text  now  correspond. 

Comment  244/11  suggested  that  Table  2-3,  concerning  costs  of  the  water 
supply  system  should  be  updated  with  the  most  recent  analysis  given 
in  the  reference  U.S.  Borax  and  Chemical  Company  (1985h)  by 
M.  Schl essinger.  This  has  been  updated  in  the  Final  EIS.  It  now 
conforms  to  data  presented  in  Appendix  A,  Table  1 1 1—4 . 

One  commentor  (181/5)  stated  flatfish  densities  should  be  presented  as 
kg/km2  (page  3-89).  However,  the  presentation  is  correct  as  shown; 
the  VTN  otter  trawl  data  used  were  in  catch  per  unit  effort,  with 
effort  expressed  as  the  distance  (km)  the  trawl  was  towed.  The  text 
has  been  changed  to  explain  this  point. 

R-l 1 RESPONSES  TO  CORPS  OF  ENGINEERS  PUBLIC  NOTICE  COMMENTS 

Corps  of  Engineers  Public  Notices  2-840015  dated  May  1 and  June  3,  1987 
described  the  portions  of  the  project  that  would  require  Department  of 
the  Army  authorization  under  Section  10  of  the  Rivers  and  Harbors  Act 
of  1988  and  Section  404  of  the  Clean  Water  Act.  The  Public  Notice 
dated  May  1 was  included  in  Appendix  P of  the  Revised  DEIS  along  with  a 
Section  404(b)(1)  Evaluation  in  Appendix  0.  That  Public  Notice  was 
provided  to  other  interested  parties,  and  comments  were  requested  on 
the  adequacy  of  the  Revised  DEIS  for  the  described  work  under  Corps 
jurisdiction.  In  June  1987,  a revised  Public  Notice  was  distributed  to 
all  parties  that  received  the  May  1 Public  Notice. 

In  response  to  the  Revised  DEIS  and  Public  Notices,  34  letters  were 
addressed  to  the  Corps.  Each  was  given  a reference  number  C(orps)  1 
through  C34.  Seventeen  (17)  of  the  letters  received  by  the"~Corps  were 
exact  duplications,  except  for  the  addressee,  of  comment  letters  to  the 
Forest  Service.  They  are  not  printed  a second  time  in  Appendix  Q.  A 
listing  of  the  duplicate  letters  follows.  In  the  listing,  each  Corps 
letter  designation  is  followed  by  its  Forest  Service  reference  number 
in  parentheses.  Duplicate  letters  include  the  following: 


Of  the  remaining  17  letters,  4 included  comments  requiring  responses 
from  the  Corps.  Those  responses  appear  in  the  following  subsections: 
Mitigation  and  Monitoring  (R-l 1.1),  Special  Conditions  for  the 
Department  of  the  Army  Permit  (R-l 1.2),  and  General  Comments  (R-l 1.3). 


C4  (212) 
C6  (162) 
C7  (235) 
Cl 3 (185) 
Cl 4 (63) 
Cl 5 (65) 


C20  (30) 
C21  (21) 
C22  (10) 
C24  (9) 
C25  (59) 
C26  (122) 


C27  (114) 
C28  (149) 
C30  (246) 
C31  (224) 
C34  (90) 
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R-ll.l  Mitigation  and  Monitoring 


The  USFWS  made  an  extensive  comment  (Cl/2)  about  the  need  for  a 
definitive  mitigation  plan  before  a project  permit  is  issued.  Many  of 
the  concerns  expressed  by  the  USFWS  were  addressed  during  an 
interagency/applicant  meeting  held  October  15  and  16,  1987,  in  Juneau. 

A summary  of  that  meeting  was  distributed  for  participant  review  by 
letter  dated  November  6,  1987,  and  an  expanded  discussion  of  mitigation 
can  be  found  in  Section  4.4  of  the  FEIS.  The  EIS  has  been  modified  to 
include  a review  of  the  measures  already  taken  to  avoid  or  minimize 
impacts  (including  changes  in  project  design  or  operation)  and  an 
identification,  where  appropriate,  of  which  permit  is  associated  with  a 
given  mitigative  action.  For  unpredicted  impacts,  the  Forest  Service 
will  take  the  lead  to  coordinate  mitigation  requirements  with  other 
agencies. 

The  Forest  Service  will  require  monitoring  as  part  of  their  Special  Use 
Permit.  A multiagency  response  team  will  be  part  of  this  requirement. 

The  applicant  will  develop  and  submit  to  the  U.S.  Coast  Guard  an 
Operations  Manual  for  the  oil  transfer  facility  which  will  incorporate 
33  CFR  Parts  148,  154,  and  156.  If  approved,  the  Department  of  the 
Army  (DA)  permit  would  include  a Special  Condition  that  the  Manual  meet 
the  requirements  for  pollution  prevention  and  response  and  be  approved 
by  the  Coast  Guard  prior  to  any  marine  terminal  petroleum  transfer 
operations. 

The  USFWS  commented  (Cl/3)  that  the  404(b)(1)  evaluation  included  in 
the  Revised  DEIS  is  inadequate  and  that  the  404(b)(1)  guidelines 
compliance  determination  cannot  be  made  until  specific  mitigation 
measures,  incorporating  the  spectrum  of  techniques  from  avoidance 
through  compensation,  are  incorporated  into  the  permitted  project 
design.  The  revised  404(b)(1)  evaluation,  included  in  the  FEIS  as 
Appendix  0,  reflects  commitments  made  by  the  applicant  during  the 
Juneau  meetings  with  the  agencies  on  October  15  and  16,  1987.  The 
evaluation  will  not  be  finalized  until  the  Record  of  Decision  is  signed 
by  the  District  Engineer. 

The  USFWS  stated  (Cl/4-27)  that  the  proposed  project  would  have 
significant  needlessly  adverse  impacts  on  important  fish,  wildlife,  and 
their  habitats.  They  suggested  certain  project  modifications  and 
permit  conditions  before  a permit  is  issued.  The  following  responses 
pertain  to  these  conditions  or  modifications. 

The  USFWS  stated  (Cl/4,5)  that  a comprehensive  Mitigation  Plan  should 
be  prepared  that  includes  specific  measures  to  mitigate  impacts  due  to 
project  construction  and  operation.  The  identified  components  of  the 
Mitigation  Plan  have  been  addressed,  or  will  be  addressed  during  the 
development  of  the  applicant's  monitoring  and  contingency  plans.  These 
plans,  as  part  of  the  permitting  processes  following  the  completion  of 
the  FEIS,  will  define  specific  measures  and  appropriate  responsible 
agencies. 
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The  USFWS  stated  (Cl/6)  that  a Monitoring  Plan  to  assess  the 
effectiveness  of  mitigation  measures,  assess  the  disposal  of  tailings, 
and  identify  unanticipated  impacts  should  be  included  as  part  of  the 
mitigation.  The  applicant  committed  to  monitoring  the  tailings 
movements,  disposal,  and  effects,  including  fines  in  the  upper  water 
column,  density  of  deposited  tailings,  progress  of  deposition  on  the 
fjord  bottom,  biological  effects,  and  effects  on  water  quality  in  a 
letter  to  the  Forest  Service  dated  November  5,  1987  (U.S.  Borax  1987b). 

As  part  of  the  Mitigation  Plan,  the  USFWS  requested  (Cl/7)  a 
Contingency  Plan  for  unpredicted  impacts.  The  applicant  agreed  to  work 
out  with  appropriate  responsible  agencies  a response  plan  to  cover 
unpredicted  events  as  part  of  the  permitting  processes  following 
completion  of  the  FEIS  (U.S.  Borax  1987b). 

As  part  of  the  Mitigation  Plan,  the  USFWS  stated  (Cl/8)  that  a Bald 
Eagle  Protection  Plan  should  be  prepared.  It  is  the  understanding  of 
the  Corps  of  Engineers  that  the  USFWS  is  coordinating  with  the  Forest 
Service  (the  land  manager  where  the  nests  may  be  located)  to  address 
concerns  under  the  Bald  Eagle  Protection  Act. 

The  USFWS  stated  (Cl/9)  that  a Spill  Prevention  Control  and 
Countermeasure  (SPCC)  Plan  should  be  included  in  the  Mitigation  Plan. 

The  Forest  Service  requires  that  the  applicant  provide  a SPCC  Plan  as 
part  of  their  construction  and  operations  permits,  to  be  issued  by  the 
Forest  Service  prior  to  project  implementation. 

As  part  of  the  Mitigation  Plan,  the  USFWS  stated  (Cl/10)  that  a Water 
Quality  Control  Plan  should  be  prepared.  Water  quality  concerns  will 
be  addressed  in  any  Section  402  (Clean  Water  Act)  action  through  the 
National  Pollutant  Discharge  Elimination  System  (NPDES)  permitting  for 
any  point  discharges  (e.g.,  sedimentation  ponds  effluents).  The  State 
Certification  of  Reasonable  Assurance,  under  Section  401  of  the  Act, 
must  be  issued  prior  to  any  permitted  action,  including  the  NPDES 
permit  and  the  DA  permit  for  the  discharge  of  dredged  or  fill  materials. 

The  USFWS  (Cl/11)  stated  that  a Rehabilitation/Revegetation  Plan  should 
be  prepared.  At  the  October  1987  interagency  meeting,  the  wetland 
losses  for  estuarine,  muskeg,  and  freshwater  areas  and 
compensatory/mitigation  actions,  including  reclamation  plans  identified 
in  the  EIS,  were  discussed.  Because  of  the  length  of  time  of  this 
project,  there  will  be  a reclamation  team  headed  by  the  Forest  Service 
that  will  implement  restoration  plans  at  the  appropriate  time. 

To  assist  in  preparation  of  the  Mitigation  Plan,  the  USFWS  (Cl/12) 
requested  that  the  District  Engineer  prepare  a comprehensive  404(b)(1) 
evaluation.  A revised  comprehensive  404(b)(1)  evaluation  is  included 
in  the  FEIS.  The  format  of  the  evaluation  is  the  same  as  the  DEIS  and 
RDEIS. 
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R-11 .2  Special  Conditions  for  the  Department  of  the  Army  Permit 

The  USFWS  stated  (Cl/13)  that  the  sediment  control  dams  should  be 
designed  and  maintained  to  treat  water  inflow  or  runoff  from  disturbed 
areas  for  a 10-year,  24-hour  precipitation  event,  with  a minimum 
detention  time  of  10  hours.  At  the  agencies'  meeting  in  October  1987, 
it  was  determined  that  the  sedimentation  ponds  must  be  designed  to 
detain  waters  to  meet  water  quality  standards  on  discharge,  but  not 
necessarily  use  the  10-hour  detention  time  previously  recommended. 

The  USFWS  commented  (Cl/14)  that  the  sediment  control  dams  should  be 
designed  with  principal  and  emergency  spillways  to  safely  discharge 
runoff  from  a 25-year,  24-hour  precipitation  event.  The  design  of  the 
combination  principal  and  emergency  spillways  for  the  sediment  control 
dams  is  deferred  to  the  EPA,  which  is  responsible  for  the  NPDES  permit 
for  the  facility,  and  the  Alaska  Department  of  Environmental 
Conservation  (ADEC),  which  must  issue  a certificate  of  reasonable 
assurance  that  the  facility  as  designed  would  meet  state  water  quality 
standards. 

The  USFWS  stated  (Cl/15,16)  that  the  log  rafting  area  should  be  located 
in  at  least  -40  feet  mean  lower  low  water  and  that  bark  and  other 
debris  should  be  cleaned  up  periodically.  The  log  transfer  facility  is 
no  longer  part  of  this  action,  but  will  be  considered  as  a separate 
action  under  the  joint  permitting  procedures  of  the  EPA  and  the  Corps. 

The  USFWS  requested  (Cl /I 7,18)  that  a controlled  blasting  program 
should  be  developed  and  no  blasting  should  be  done  at  the  marine 
terminal  from  May  through  July.  A special  condition  would  be  added  to 
the  DA  permit,  if  approved,  which  would  read:  "To  minimize  potential 

impacts  to  fish  and  wildlife  during  construction,  a blasting  plan  is 
required.  The  plan  shall  be  submitted  to  the  District  Engineer  for 
approval  prior  to  the  sue  of  explosives  that  could  affect  waters  of  the 
United  States.  Copies  of  the  plan  shall  be  provided  to  the  National 
Marine  Fisheries  Service,  U.S.  Fish  and  Wildlife  Service  and  the  Alaska 
Department  of  Fish  and  Game." 

The  USFWS  and  the  NMFS  requested  (Cl/19,20;  C2/3 ,4 ) no  development  of  a 
Wilson  River  well  field  or  associated  bridges  and  access  roads.  The 
Wilson  River  well  field  has  been  deleted  from  the  proposed  project. 
Therefore,  the  proposed  bridge  across  the  Blossom  River  and  the  road 
from  the  bridge  to  the  proposed  well  field  will  not  be  required. 

The  USFWS  and  the  NMFS  (Cl/21,  C2/6)  stated  that  no  water  from  the 
Blossom  or  Wilson  rivers  should  be  discharged  into  Tunnel  Creek.  It 
was  agreed  to  at  the  interagency  meeting  in  October  1987  that  the 
release  of  Blossom  River  water  down  Tunnel  Creek  would  not  be 
prohibited.  The  use  of  Wilson  River  water  has  been  deleted  from  the 
proposed  action  and  the  applicant  withdrew  the  Alaska  Department  of 
Natural  Resources  (ADNR)  application  for  a water  right  for  a well  field 
in  the  Wilson  River  valley  (U.S.  Borax  1987c). 
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The  USFWS  and  the  NMFS  requested  (Cl/22,  C2/5)  that  the  Tunnel  Creek 
storage  reservoir  be  large  enough  to  minimize  pumping  of  water  from 
other  sources.  The  applicant  has  submitted  to  the  Forest  Service  the 
Quartz  Hill  Water  Supply  Study  (Envirosphere  1987),  which  analyzes 
impacts  of  a range  of  dam  heights  and  flows.  The  impacts  are  presented 
in  the  FEIS.  The  information  will  be  used  to  establish  instream  flow 
levels  for  Tunnel  Creek,  which  will  be  included  in  a Fish  Monitoring 
Plan  to  be  developed  by  the  applicant  in  cooperation  with  the  Forest 
Service,  Alaska  Department  of  Fish  and  Game  (ADF&G),  the  USFWS,  and  the 
NMFS. 

The  USFWS  requested  (Cl/23)  that  the  Tunnel  Creek  storage  reservoir  be 
designed  to  include  a combination  principal  and  emergency  spillway  to 
safely  discharge  runoff  from  a 25-year,  24-hour  precipitation  event. 

The  design  of  the  impoundment  structure  for  the  water  storage  on  Tunnel 
Creek,  including  combination  principal  and  emergency  spillway,  will  be 
reviewed  by  the  ADNR  under  the  dam  safety  codes. 

The  USFWS  and  the  NMFS  recommended  (Cl/24,  C2/7)  that  the  storage 
reservoir  on  Tunnel  Creek  should  be  designed  to  maintain  flows  of 
90  cfs  from  July  1 through  November  30,  15  cfs  from  December  1 through 
March  31,  and  30  cfs  from  April  1 through  June  30.  The  new  water 
supply  study  (Envirosphere  1987),  provides  information  that  will  be 
used  to  discuss  instream  flow  requirements  at  a later  date.  The 
appropriate  resource  agencies,  including  the  ADNR,  ADF&G,  USFWS,  and 
NMFS,  will  be  parties  to  that  discussion.  A special  condition  would  be 
added  to  the  DA  permit,  if  approved,  which  would  read:  "The  water 

appropriation  from  Tunnel  Creek  must  be  in  compliance  with  the  ADNR 
Water  Rights  Permit  and  the  ADF&G  Title  XVI  Permit.  Noncompliance  will 
be  grounds  for  modifying,  suspending,  or  revoking  this  permit." 

The  USFWS  stated  (Cl/25)  that  screened  pumps  to  divert  water  from  the 
Blossom  River  should  be  used  to  prevent  impingement  or  entrainment  of 
juvenile  salmonids.  The  applicant  has  proposed  that  withdrawal  from 
the  Blossom  River  would  be  achieved  by  installation  of  a filter  bed 
with  perforated  piping  and  a series  of  intake  pipes  leading  to  a 
pumping  station  on  shore.  Screening  would  not  be  required  for  the 
proposed  mechanism. 

The  USFWS  recommended  (Cl/26)  that  a weir  or  other  modification  of  the 
Blossom  River  channel  to  minimize  saltwater  intrusion  should  not  be 
used.  A weir  is  no  longer  proposed  for  the  Blossom  River.  According 
to  revised  information  submitted  to  the  Corps  and  included  in  the  FEIS, 
the  pumps  would  withdraw  water  from  the  river  during  periods  of  low 
flow  from  Tunnel  Creek.  When  high  tides  create  excessive  salinity  at 
the  intake  that  could  affect  the  metallurgical  process,  pumping  will 
stop,  and  water  will  be  withdrawn  from  the  Tunnel  Creek  reservoir 
storage  and/or  plant  site  day  tank. 

The  NMFS  requested  (C2/1 ,2 ) that  certain  special  conditions  be  placed 
on  the  Department  of  Army  permit,  including  no  in-water  construction 
from  April  1 to  May  31  and,  after  an  initial  use  period  of  three  years, 
that  the  280  ft  by  80  ft  subtidal  pad  be  retained  without  use  or 
maintenance.  The  DA  permit,  if  issued,  will  be  conditioned  to  read 
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"That  no  discharge  of  dredged  or  fill  material  and  blasting  shall  occur 
in  tidal  waters  between  April  1 and  May  31."  The  barge  area  would  be 
needed  during  at  least  two  periods  separated  by  four  to  six  years. 

Since  cleanup  maintenance  may  be  required  before  the  pad  can  be  reused, 
the  DA  permit  would  be  conditioned  to  read  that  no  storage  of  barges  on 
the  berth  pad  and  no  maintenance  of  the  pad  between  offloadings  of 
modules  shall  occur. 

The  NMFS  commented  (C2/9)  that  if  sediment  builds  up  in  the  reservoirs, 
threatening  overflow  into  the  stream  systems,  the  permittee  should  be 
required  to  remove  the  sediment  to  an  approved  upland  location.  The 
recommendation  is  noted.  The  Corps  has  no  jurisdiction  for  the 
dredging  of  materials  from  non-navi  gable  waters  for  disposal  at  upland 
sites. 


R-l 1.3  Other  General  Comments 

The  U.S.  Fish  and  Wildlife  Service  (USFWS)  noted  (Cl/1)  that  if 
substantive  changes  have  been  made  to  the  proposed  project,  they  will 
wish  to  review  a revised  public  notice.  Substantive  changes,  such  as 
the  deletion  of  the  Wilson  River  well  field  and  the  new  water  supply 
system,  have  been  made  by  the  applicant  since  Public  Notices  2-840015 
dated  May  1 and  June  3,  1987.  The  project  as  now  proposed  will  be 
public  noticed  prior  to  permit  decisions  to  provide  the  opportunity  for 
public  and  agency  review  and  comments.  The  revised  public  notice, 
reflecting  the  deletion  of  the  Wilson  River  well  field  and  other 
changes,  is  appended  to  the  FEIS  as  Appendix  P. 

The  USFWS  and  the  NMFS  requested  (Cl/27,  C2/8)  that  mill  tailings  be 
disposed  into  the  middle  basin  of  Boca  de  Quadra.  The  EPA  has 
completed  the  Ecological  Risk  Assessment  on  the  difference  in  marine 
impacts  between  tailings  disposal  in  Wilson  Arm/Smeaton  Bay  and  Boca  de 
Quadra.  It  is  the  understanding  of  the  Corps  that  the  NPDES  permit  can 
be  issued  for  Wilson  Arm/Smeaton  Bay. 

A commentor  (C8/2)  thought  that  some  years  ago  the  Corps  granted  a 
permit  for  developments  in  Boca  de  Quadra  but  was  overruled  and  the 
permit  issued  for  Smeaton  Bay.  The  information  that  the  Corps  issued  a 
DA  permit  for  developments  in  Boca  de  Quadra  is  erroneous,  as  no 
permits  were  issued  to  U.S.  Borax  for  that  water  body.  Based  on  the 
District  Engineer's  determination  that  the  Blossom  River  bulk  sample 
access  road  and  related  facilities  were  in  the  public  interest,  a DA 
permit  (071 -0YD-2-820237 ) was  issued  August  30,  1982. 

The  State  of  Alaska  Department  of  Natural  Resources  stated  (Cl 7/1, 

Cl 7/2)  that  two  sites  eligible  for  the  National  Register  of  Historic 
Places,  KET-203  and  KET-038,  are  in  the  project  area.  KET-203  is  an 
historic  cabin  ruins  site  and  KET-038  is  a reported  burial  box.  The 
sites  should  be  protected  and  the  State  Historic  Preservation  Office 
should  be  contacted  if  project  work  is  to  be  conducted  in  the 
locality.  The  Department  of  the  Army  (DA)  permit  contains  General 
Condition  No.  3 that  states  "If  you  discover  any  previously  unknown 
historic  or  archeological  remains  while  accomplishing  the  activity 
authorized  by  this  permit,  you  must  immediately  notify  this  office  of 
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what  you  have  found.  We  will  initiate  the  Federal  and  state 
coordination  required  to  determine  if  the  remains  warrant  a recovery 
effort  or  if  the  site  is  eligible  for  listing  in  the  National  Register 
of  Historic  Places." 

Since  KET-038  is  a reported  burial  site  whose  location  is  tentatively 
placed  at  the  east  side  of  Wilson  Arm  near  its  head  in  Section  13, 
T75S,  R97E,  CRM,  a Special  Condition  would  be  added  to  the  DA  permit 
which  would  provide  that  information  and  require  that  should  cultural 
or  paleontological  resources  be  discovered  as  a result  of  the  proposed 
activity,  the  Permitee  must  immediately  notify  the  State  Historic 
Preservation  Officer  and  the  District  Engineer. 

If  the  KET-203  site  cannot  be  avoided,  the  State  Historic  Preservation 
Office  will  be  contacted  to  begin  mitigation  processing. 

R-12  U.S.  ENVIRONMENTAL  PROTECTION  AGENCY  RESPONSES  TO  COMMENTS 


R-12.1  Fate  and  Effects  of  Tailings  Discharge 
Distribution  of  Suspended  Solids 


Several  commentors  (152/1,5;  244/2,8)  mentioned  the  greater  flushing 
potential  of  Smeaton  Bay  and/or  noted  that  suspended  tailings  should 
not  reach  the  upper  water  column  and  therefore  should  not  affect  fish, 
shellfish,  or  their  food  source.  The  Forest  Service  concurs  with  these 
comments.  The  Forest  Service  responses  to  comments  152/5  and  244/8  can 
be  found  in  Sections  1.3  and  1.2,  respectively.  The  EPA,  however,  does 
not  concur  with  the  apparent  basis  for  the  consents.  The  basis  for 
these  and  additional  comments  (244/18,50)  is  alleged  to  be  the 
simulations  of  suspended  solids  presented  in  the  Revised  DEIS. 

However,  the  Revised  DEIS  presents  no  estimates  of  suspended  solids 
concentrations  in  the  receiving  water.  The  Revised  DEIS  does  give 
estimates  of  the  suspended  solids  expressed  as  a percentage  of  bottom 
concentration  (Figures  4-7a,  4-7b,  4-10,  4-13,  4-14,  for  example)  and  a 
semi  quantitative  comparison  is  made  between  suspended  solids  observed 
in  Rupert  Inlet  and  simulated  levels  in  Boca  de  Quadra  and  Wilson 
Arm/Smeaton  Bay. 

The  EPA  believes  that  the  commentors  have  converted  these  percentages 
to  concentrations  in  the  receiving  water  by  using  the  value  of  20  mg/1 
described  by  Findikakis  (1985)  and  Kowalik  and  Findikakis  (1984).  No 
justification  for  the  use  of  this  value  can  be  found  in  the  Revised 
DEIS  or  in  the  referenced  supporting  documents.  The  only  supporting 
information  for  bottom  concentration  is  that  obtained  in  Rupert  Inlet, 
presented  in  Figure  4-6  of  the  Revised  DEIS.  The  Revised  DEIS  states 
that  "the  fines  plume  in  Boca  de  Quadra  can  be  expected  to  resemble 
those  (sic)  in  Figure  4-6.  These  profiles  were  obtained  from  Rupert 
Inlet  . . . ."  Figure  4-6  shows  bottom  concentrations  of  suspended 
solids  in  excess  of  600  mg/1  at  distances  of  more  than  10  m from  the 
bottom. 
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The  EPA  does  not  concur  in  the  belief  that  20  mg/1  is  an  appropriate 
figure,  and  finds  no  real  basis  for  it.  Furthermore,  there  is  no 
reason  to  expect  that  the  bottom  concentrations  would  be  the  same  in 
the  two  estuaries. 

Results  of  uncertainty  analysis  performed  by  the  EPA  in  its  risk 
assessment  (EPA  1988),  using  some  of  the  information  given  in  the 
Revised  DEIS,  show  that  there  is  a high  likelihood  of  elevated 
concentrations  of  suspended  solids  in  the  upper  (20-100  m depth)  water 
column  of  both  Wilson  Arm/Smeaton  Bay  and  in  Boca  de  Quadra.  The  basic 
modeling  approach  is  based  upon  conserving  mass  and  a stated 
justification  for  loading  rates.  The  likelihood  of  exceeding  natural 
conditions  was  estimated  to  be  greater  in  Boca  de  Quadra  than  in 
Smeaton  Bay  and  occurred  at  locations  higher  in  the  water  column  where 
population  densities  of  planktonic  life  forms  are  greater. 

Several  comments  (152/3;  244/4,50,56)  discussed  the  effects  of 
suspended  solids  from  the  discharge  upon  the  extreme  upfjord  and 
downfjord  portions  of  either  estuary.  The  results  of  EPA's  uncertainty 
analysis  (EPA  1988)  show  that  the  potential  exists  for  impacts  upon  the 
upfjord  portions  of  either  estuary.  These  impacts  are  higher  for 
Wilson  Arm/Smeaton  Bay  than  for  Boca  de  Quadra.  At  the  downfjord  end, 
the  concentrations  of  suspended  solids  are  also  estimated  to  be  higher 
in  Wilson  Arm/Smeaton  Bay  than  in  Boca  de  Quadra. 

Settleable  Solids 


Two  comments  (152/4,  244/4)  questioned  the  EPA's  concern  that  Smeaton 
Bay  will  not  contain  the  settleable  solids  resulting  from  the  tailings 
discharge.  The  Forest  Service  and  EPA  have  reached  different 
conclusions  on  this  point.  The  Forest  Service  position  is  explained  in 
Section  R-1.2,  page  R-28.  The  EPA's  interpretation  of  the  data  leads 
to  a conclusion  that  storage  capacity  may  not  be  adequate.  The  EPA's 
concern  is  based  upon  the  fact  that  the  estimate  of  solids  deposition 
given  in  the  Revised  DEIS  comes  very  close  to  filling  Smeaton  Bay.  The 
estimate  is  given  without  characterizing  the  uncertainty  associated 
with  the  estimate.  Reference  material  provided  on  the  modeling  (e.g., 
Findikakis  1985)  describes  a number  of  key  assumptions  that  affect  the 
tailings  deposition  pattern.  However,  no  attempt  has  been  made  to 
evaluate  the  effect  of  these  assumptions  upon  Wilson  Arm/Smeaton  Bay. 

Of  particular  importance  is  the  effect  of  particle  density.  The  volume 
of  the  pile  is  directly  related  to  the  density.  According  to 
information  presented  by  Findikakis  (1983),  the  density  is  a function 
of  porosity.  For  mean  grain  diameters  of  the  size  reported  in 
Findikakis  (0-250u),  this  information  shows  that  the  porosity  can  vary 
between  0.40  and  0.80.  This  is  a 100  percent  change.  If  Quartz  Hill 
tailings  cover  the  full  range  of  mean  grain  sizes,  the  margin  of  error 
in  the  estimate  would  be  more  than  enough  to  result  in  overtopping  the 
Smeaton  Bay  sill.  Such  is  not  the  case  for  Boca  de  Quadra.  U.S.  Borax 
has  stated,  however,  that  the  mean  grain  size  will  not  cover  the  full 
range  reported  by  Findikakis. 
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A number  of  commentors  (152/2;  244/7,56)  felt  that  the  outfall  could  be 
moved  down  the  fjord  if  undesirable  effects  were  observed.  Moving  the 
outfall  downfjord  is  feasible,  but  may  be  only  partially  effective  in 
reducing  undesirable  effects  at  the  latter  stages  of  mine  development. 
The  NPDES  permit  will  be  conditioned  upon  a stringent  monitoring 
program.  If  undesirable  effects  are  observed  or  appear  likely, 
appropriate  action  will  be  taken. 

One  commentor  (244/47)  stated  that  the  difference  in  area  covered  by 
tailings  disposal  between  Smeaton  Bay  and  Boca  de  Quadra  is  not 
significant  and  that  there  should  be  a statement  to  that  effect  in  the 
EIS.  The  difference  in  area  covered  is  60  hectares  (1,660  vs.  1,600). 
The  EPA  believes  that  there  is  not  sufficient  information  in  this  case 
to  draw  the  conclusion  that  the  difference  in  bottom  habitat  affected 
(and  the  resultant  environmental  consequences)  between  the  two  basins 
either  is  or  is  not  environmentally  significant. 

R-12.2  Bioassays 

One  commentor  (244/1)  stated  that  sufficient  information  exists  for  the 
EPA  to  make  its  determination  of  no  "unreasonable  degradation"  or  no 
"irreparable  harm"  during  monitoring  and  that  there  was  no  basis  for 
statements  in  the  EIS  summary  indicating  a need  for  additional  toxicity 
information  on  milling  reagents  and  tailings. 

The  EPA  disagrees.  If  significant  changes  are  made  in  the  reagents 
before  the  Quartz  Hill  Mine  becomes  a reality,  the  influence  of  these 
changes  on  the  toxicity  of  the  tailings  will  be  determined  by  the  use 
of  bioassays  before  the  tailings  discharge  is  permitted.  These 
bioassays  must  eventually  be  performed  on  the  tailings  in  combination 
with  the  reagents--not  just  on  individual  reagents. 

One  commentor  (244/24,37)  expressed  concern  that  the  EPA  had  concluded 
that  the  bioassay  tests  were  flawed  when  the  EPA  was  involved  in  the 
planning  of  the  studies. 

The  EPA  agrees  that  the  agency  was  consulted  in  the  planning  stages  and 
concurred  with  the  plan.  The  EPA  also  considered  the  studies  to  be  the 
best  possible  given  the  circumstances,  which  included  a very  short  time 
frame.  The  time  frame  was  so  short  that  there  was  some  question  as  to 
whether  the  chronic  studies  could  be  completed  in  time  to  be  included 
in  the  DEIS. 

At  the  time,  the  EPA  felt  that  the  suite  of  test  organisms  used  and  the 
response  measured  by  EVS  Consultants  represented  a reasonable, 
good-faith  effort  on  the  part  of  U.S.  Borax  to  provide  preliminary 
information  on  some  of  the  possible  impacts  of  their  proposed  tailings 
discharge.  This  initial  approach  to  both  the  acute  and  chronic  testing 
is  indicative  of  the  "preliminary"  nature  of  the  information-gathering 
process  that  was  initiated  in  support  of  the  DEIS.  It  was  never 
suggested  that  testing  should  stop  after  the  chronic  tests,  with  the 
data  generated  by  that  time  being  the  only  toxicological  information 
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used  for  the  Final  EIS.  Completion  of  these  preliminary  studies  does 
not  necessarily  mean  that  all  valid  questions  were  addressed  and  that 
no  additional  information-gathering  efforts  would  be  required. 

One  commentor  (244/40,41)  did  not  agree  that  the  bioassay  studies  were 
methodologically  flawed.  It  was  further  stated  that  the  studies  were 
designed  to  test  for  chemical  toxicity,  not  physical  abrasion  and 
smothering  from  suspended  tailings. 

To  suggest  that  the  EPA  believes  there  were  no  "methodological  flaws" 
in  the  bioassay  studies  is  not  entirely  true.  Although  we  have  never 
characterized  the  bioassays  as  "flawed,"  the  EPA  believes  that  the 
usefulness  of  the  data  generated  by  some  of  the  tests  would  have  been 
improved  had  more  rigorous  test  protocols  been  followed.  Examples 
include  the  following:  the  20-day  coho-seawater  challenge  test  was  not 

long  enough  to  observe  possible  long-term  effects;  the  mussel  larvae 
assay  should  have  been  conducted  at  the  recommended  ASTM  temperature  of 
16°C,  with  larval  mortality  being  reported;  and  more  replication  of  the 
coho  and  amphipod  bioassays  was  needed. 

Several  of  the  tests  performed  by  EVS  Consultants  did  not  follow 
"standard"  test  protocols,  particularly  in  the  areas  of  temperature, 
light-dark  cycling,  and  salinity  control.  Such  modifications  would  not 
have  been  considered  acceptable  if  the  tests  were  being  conducted 
solely  for  enforcement  purposes.  However,  in  many  cases  these 
modifications  created  more  realistic  exposure  conditions  (i.e., 
conditions  more  characteristic  of  the  proposed  tailings  disposal 
sites).  We  believe  that  toxicological  information  collected  under  such 
conditions  would  actually  be  more  useful  for  assessing  potential 
environmental  effects  than  information  collected  under  rigid,  but 
uncharacteristic,  exposure  conditions. 

Initially  there  were  little  or  no  chemical  or  toxicological  data 
available  that  pertained  to  the  mixture  of  Quartz  Hill  tailings  and 
milling  reagents.  Consequently,  the  first  two  questions  that  had  to  be 
addressed  were,  1)  what  are  the  chemical  characteristics  of  the 
tailings,  including  associated  reagents?  and  2)  are  the  chemicals 
making  up  and  associated  with  the  tailings  toxic  to  aquatic  organisms 
representative  of  those  inhabiting  the  proposed  tailings  discharge 
sites? 

Consideration  of  the  possible  adverse  effects  of  suspended  solids  in 
conjunction  with  toxicity  was  certainly  needed.  However,  in  an  effort 
to  answer  one  question  at  a time  (within  the  time  allowed)  and  keep  the 
experimental  design  as  simple  as  possible,  it  was  agreed  that  the 
initial  toxicity  tests  should  be  conducted  in  test  systems  where  the 
tailings  were  exposed  to,  but  not  continuously  suspended  in,  the 
overlying  waters.  The  commentors  are  absolutely  correct  when  they 
state  the  studies  were  designed  to  let  the  suspended  solids  settle  out. 

One  commentor  (244/59)  felt  that  there  was  no  significant 
bioaccumulation  of  metals  from  Quartz  Hill  tailings. 
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The  EPA  believes  that  regardless  of  the  effect  of  gut  pH  on  the  uptake 
of  metals  from  sediments,  it  is  misleading  to  imply,  by  omission,  that 
there  is  some  "environmental"  significance  to  the  EVS  observations  that 
showed  no  significant  bioaccumulation  of  metals  during  the  long-term 
studies.  These  preliminary  observations  need  to  be  put  into  proper 
(1983/84)  perspective. 

It  does  not  follow  that  the  "environmental  conditions"  are  the  same  in 
both  the  gut  and  the  sediment/water  interface.  The  point  the  commentor 
makes  regarding  the  lack  of  bioaccumulation  of  metals  (based  on  the  EVS 
studies)  depends  upon  the  quality  of  the  studies  conducted.  The  EVS 
studies  were  preliminary  in  nature.  Bioconcentration  of  metals  has 
been  shown  in  other  studies.  Bioconcentration  cannot  be  ruled  out  with 
the  information  available  to  date. 

The  EPA  believes  the  bioaccumulation  studies  were  not  designed  to  shed 
light  on  the  bioaccumulation  of  metals  in,  on,  or  near  the  tailings 
under  natural  conditions.  They  were  primarily  designed  to  answer 
preliminary  questions  about  the  direct  uptake  of  metals  from  the 
tailings  and  water  column.  Considerations  of  the  potentially  important 
role  of  the  food  chain  in  the  bioaccumulation  process  were  not  really 
addressed  in  the  initial  studies.  The  initial  studies  were  done  in  an 
effort  to  answer  some  basic  questions  using  fairly  simple  experimental 
designs.  Consequently,  even  though  the  bioaccumulation  of  metals  did 
not  appear  to  be  a major  problem  based  on  these  initial  studies,  it  is 
not  possible  to  imply,  much  less  state,  that  there  would  or  would  not 
be  significant  bioaccumulation  of  metals  from  the  tailings  under 
natural  conditions.  This  is  a subject  area  that  will  be  addressed  in 
the  NPDES  permi t-regul ated  monitoring  program. 

R-12.3  Water  Quality  Criteria 

One  commentor  (148/2)  suggested  that  the  use  of  acidification  prior  to 
testing  for  dissolved  copper  may  be  inappropriate  and  asked  what  the 
concentration  would  be  without  acidification. 

The  EPA  notes  that  several  assay  methodologies  exist  for  measuring 
metal  concentrations  in  water.  Each  methodology  measures  a different 
chemical  state  or  combination  of  chemical  states  for  metals.  The  State 
of  Alaska  water  quality  standards  are  based  on  EPA's  water  quality 
criteria.  These  criteria  are  based  on  the  Total  Recoverable 
methodology  for  measuring  metal  concentrations  in  water,  and 
acidification  is  a necessary  step  in  the  Total  Recoverable 
methodology.  Metal  concentrations  using  the  Total  Recoverable  method 
are  directly  comparable  to  the  water  quality  criteria.  The  unacidified 
concentration  is  unknown. 

One  commentor  (148/5)  asked  how  many  organisms  will  suffer  from  acute 
copper  toxicity  in  Wilson  Arm  and  Boca  de  Quadra  and  whether  this 
outweighs  the  terrestrial  impacts  of  using  Boca  de  Quadra. 
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The  number  of  fish  and  other  marine  organisms  to  be  affected  is 
unknown.  However,  the  results  of  EPA's  risk  assessment  indicate  that, 
under  the  assumptions  used,  the  risk  of  exceeding  water  quality 
standards  is  greater  in  Wilson  Arm.  The  EPA  also  notes  that  the 
fishery  is  of  greater  value  in  Wilson  Arm.  The  projected  risk  to  the 
fjord  and  the  fishery,  however,  does  not  preclude  tailings  disposal  in 
Wilson  Arm.  Should  tailings  disposal  in  Wilson  Arm  lead  to  exceedances 
of  water  quality  standards  appropriate  permit  action  will  be  taken.  It 
is  not  appropriate  to  simply  compare  the  marine  resources  of  one  basin 
to  the  terrestrial  resources  of  another,  since  decisions  must  be  based 
on  total  impacts  to  all  resources. 

A commentor  (148/7,9)  questioned  the  need  for  concern  for  acute  copper 
toxicity  on  fish  populations  "at  11.78  ug/1  when  there  is  [sic]  data  to 
show  that  acute  toxicity  does  not  occur  until  much  higher  levels."  The 
commentor  further  stated  that  regulatory  standards  are  usually 
conservative  and  "do  not  necessarily  reflect  the  concentration  levels 
at  which  acute  toxicity  will  occur." 

The  "need  for  concern"  is  based  on  the  Quality  Criteria  for  Water  1986 
(EPA  1986),  which  documents  acute  sensitivities  of  salt  water  animals 
to  copper  ranging  from  5.8  ug/1  for  the  blue  mussel  to  600  ug/1  for  the 
green  crab.  Standards  developed  pursuant  to  the  criteria  protect  the 
least  sensitive  species  by  protecting  the  most  sensitive  species.  The 
final  acute  and  chronic  criterion  for  copper  is  therefore  2.9  ug/1  (see 
response  to  244/5  for  an  explanation  of  how  this  value  was 
calculated).  Discharge  of  toxics  in  toxic  amounts  is  not  allowed. 

A question  was  raised  about  why  the  consideration  for  leaching 
potential  was  made  only  at  pH  8 (181/1). 

The  EPA  believes  that  if  reducing  conditions  are  to  be  expected,  it 
should  be  considered  whether  the  "worst  case"  scenario  would  produce 
higher  concentrations  of  dissolved  metals.  Reducing  conditions 
apparently  occur  and  could  significantly  increase  the  availability  of 
metals  in  the  water  column. 

A commentor  (244/5)  stated  that  the  "EPA  must  have  mixed  the  CCC 
(criterion  continuous  concentration)  and  CMC  (criterion  maximum 
concentration)  levels  in  their  supporting  document  and  have  applied  the 
chronic  toxicity  value  of  2.9  ug  cu/1  as  the  acute  toxicity  (CCC)." 

The  EPA  responds  that  this  is  not  the  case.  The  acute  and  chronic 
toxicity  values  for  copper  are  identical--2.9  ug/1  (EPA  1986).  The 
5.832  ug/1  concentration  referenced  by  the  commentor  is  the  "final 
acute  value,"  not  the  acute  criterion  value.  The  latter  figure  is 
derived  by  dividing  the  "final  acute  value"  by  two  (Stephen  et  al . 
1985). 

A concern  was  expressed  (244/33)  that  it  is  i nappropriate  to  consider 
dissolved  and  "Total  Recoverable  Concentrations"  within  the  density 
current,  especially  in  the  near  field,  due  to  the  fact  that  the  density 
current  is  not  an  appropriate  habitat  for  marine  organisms.  Further 
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downstream  in  areas  removed  from  the  active  transport  system  where 
organisms  could  survive  is  the  appropriate  area  to  consider  the  impact 
of  toxic  components  of  the  tailings. 

The  EPA  disagrees.  The  basic  premise  of  the  discharge  regulations  is 
that  toxic  substances  will  not  be  discharged  in  toxic  amounts. 

However,  a mixing  zone  may  be  allowed  as  an  'allocated  impact  zone' 
where  numeric  water  quality  criteria  can  be  exceeded  as  long  as  acutely 
toxic  conditions  are  prevented.  In  practice,  acute  toxicity  (criterion 
maximum  concentration)  compliance  must  occur  within  a short  distance  of 
the  outfal 1 . 

One  commentor  (266/3)  suggested  that  the  EPA  consider  that  the 
criterion  acute  toxicity  concentration  for  copper  may  not  always  be 
toxic  to  the  varieties  of  fish  and  marine  life  at  a given  location. 

The  EPA  concurs  and  the  criteria  document  so  states.  The  water  quality 
standards  regulations  also  allow  the  development  of  site-specific 
criteria  where  the  existing  criteria  are  inapplicable. 

R-12.4  Best  Professional  Judgment  Report  (Appendix  S) 

A comment  (244/9)  was  received  that  an  explanation  should  be  made  early 
on  in  the  Revised  DEIS  that  the  EPA  is  not  required  to  prepare  an  Ocean 
Discharge  Criteria  Evaluation  (ODCE)  as  required  by  Section  403(c)  of 
the  Clean  Water  Act  (CWA).  The  commentor  believes  that  the  Ocean 
Discharge  Criteria  (ODC)  are  merely  used  as  a guideline  in  developing  a 
best  professional  judgment  (BPJ)  evaluation  and  place  no  legal  bounds 
on  EPA's  permit  process  for  this  project. 

Notification  was  provided  in  Appendix  S (p.  1)  of  the  Revised  DEIS  that 
the  EPA  is  not  required  to  prepare  an  ODCE,  but  rather  will  use  the  ODC 
(40  CFR  Part  125,  Subpart  M)  as  a means  to  evaluate  the  estuarine  and 
marine  impacts  caused  by  discharges  from  the  proposed  project.  The  BPJ 
evaluation  will  provide  the  basis  for  many  conditions  and  requirements 
in  the  NPDES  permit.  The  legal  basis  for  the  evaluation  is 
Section  402(a)(2)  of  the  CWA.  Further,  Section  403(c)  will  provide  the 
legal  basis  for  evaluating  any  discharges  that  extend  beyond  the 
closure  lines  at  Smeaton  Bay  or  Boca  de  Quadra.  A discharge  to  Wilson 
Arm  is  projected  to  eventually  carry  beyond  the  outer  sill  at  Smeaton 
Bay  and  possibly  across  the  closure  line  between  Pt.  Trollop  and  an 
unnamed  point.  In  that  event,  the  BPJ  will  serve  as  the  ODCE.  This 
explanation  has  also  been  added  to  the  text  of  this  EIS,  Section  1.1. 

One  commentor  (244/49)  stated  that  the  purpose  of  the  evaluation  of  the 
application  for  an  NPDES  permit  is  to  determine  whether  "unreasonable 
degradation"  will  occur  with  the  proposed  discharge.  The  commentor 
further  states  that  in  the  absence  of  such  degradation,  EPA  can  issue 
the  permit.  EPA  agrees  that  it  will  be  able  to  develop  an  NPDES  permit 
for  the  Wilson  Arm/Smeaton  Bay  discharge.  However,  references  to  the 
terms  "unreasonable  degradation"  and  "irreparable  harm"  are  in 
appropriate  for  EPA's  analysis  because  they  are  applicable  only  to  an 
Ocean  Discharge  Criteria  Evaluation  (Section  403(c)  of  the  Clean  Water 
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Act).  The  response  to  comment  244/9  above  provides  a more  complete 
discussion  of  where  Section  403(c)  applies  and  where  Best  Professional 
Judgement  Applies. 

A comment  (244/45b)  claimed  that  the  EPA  has  not  responded  to  comments 
made  by  Rescan  Environmental  Services  on  the  October  1985  ODCE  for  this 
project.  The  commentor  apparently  was  referring  to  EPA's  ODCE  dated 
August  21,  1985.  Rescan's  comments  were  included  with  comments 
provided  by  U.S.  Borax  on  November  1,  1985.  The  EPA  considered  all 
comments  provided  by  U.S.  Borax  on  November  1,  1985,  in  a written 
response  that  was  provided  to  the  U.S.  Forest  Service  and  U.S.  Borax  on 
October  30,  1986. 

One  commentor  (244/46)  clarified  a point  about  there  being  no  inner 
sill  in  Smeaton  Bay.  This  clarification  is  noted. 

A commentor  (244/48)  believed  that  the  EPA  needs  to  more  clearly 
identify  the  discharge  alternative  for  mill  tailings  proposed  by  U.S. 
Borax  in  the  Introduction  of  the  above  referenced  BPJ  evaluation. 

This  clarification  has  been  completed  (see  Project  Overview  and  Scope 
of  Evaluation,  p.  4 of  Appendix  S). 

Statements  (244/51,53)  were  made  that  filling  the  inner  basin  of  Boca 
de  Quadra  will  change  the  circulation  and  thus  the  pycnocline.  Any 
analysis  of  turbidity  using  preproject  pycnocline  ranges  would  be 
incorrect  and  misleading. 

The  EPA  disagrees.  We  believe  the  pycnocline  depth  in  a filled  inner 
basin  will  be  mainly  influenced  by  the  pycnocline  depth  in  the 
remaining  portion  of  Boca  de  Quadra.  Therefore,  a protective,  dense 
layer  of  water  will  not  be  maintained  over  the  inner  basin  when  the 
coastal  pycnocline  falls  below  the  Kite  Island  sill  depth  during  the 
winter.  As  a result,  elevated  concentrations  of  suspended  solids  and 
turbidity  will  likely  occur  in  the  upper  water  column. 

A commentor  (156/14,16)  noted  that  there  is  a great  deal  of  uncertainty 
concerning  possible  changes  in  fjord  circulation  as  the  fjord  fills 
with  tailings. 

The  EPA  agrees  with  the  commentor  that  we  cannot  predict  with  certainty 
what  will  happen  as  the  fjord  basins  fill.  Whether  one  reaches  the 
conclusion  that  the  circulation  will  change  or  will  not  change  is 
primarily  a matter  of  approach  to  hydrography  or  modeling.  Each  has 
its  merits,  but  neither  is  definitive.  The  EPA  is  most  comfortable 
maintaining  its  interpretation  that  fjord  circulation  (flushing)  will 
weaken  as  the  fjord  fills  with  tailings. 

One  comment  (156/15)  was  made  that  summer  weather  patterns  produce  a 
relaxation  of  downwelling  rather  than  an  upwelling  off  the  B.C.  coast. 
The  EPA  notes  this  point. 
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One  commentor  (156/17)  mentioned  an  earlier  study  which  suggested  that 
breaking  lee  waves  are  not  probable  in  Boca  de  Quadra.  The  EPA 
acknowledges  that  they  are  not  likely,  but  believes  they  are  possible. 
The  EPA  therefore  maintains  its  position,  and  no  change  has  been  made 
to  the  text. 

Several  comments  (244/52,54,55)  were  made  suggesting  clarification  or 
correction  of  points  raised  in  the  Summary  for  Potential  Impacts  of 
Discharged  Mill  Tailings  (Section  5 of  Appendix  S). 

The  comments  have  been  addressed  by  minor  changes  to  the  text,  except 
for  the  comment  regarding  the  sources  of  larvae  for  colonizing  tailings 
deposits.  The  EPA  maintains  that  the  inner  basin  of  Boca  de  Quadra 
will  provide  a significant  source  of  larvae  for  colonizing  tailings  in 
the  middle  basin.  The  other  discharge  alternatives  may  have  larvae 
available  for  colonizing  tailings  on  both  the  upfjord  and  downfjord 
sides  of  the  deposit,  but  their  upfjord  sources  would  be  much  less. 

A comment  (244/53)  was  made  that  the  inner  basin  sill  of  Boca  de  Quadra 
will  not  be  a high  energy  area  except  for  the  turbidity  current 
associated  with  the  tailings  discharge. 

The  inner  basin  sill  is  expected  to  continue  to  be  an  area  of  more 
dynamic  water  movement  even  when  the  inner  basin  is  filled.  However, 
the  dynamics  will  probably  be  reduced  as  a result  of  filling  the  inner 
basin. 

Several  comments  (197/2,  208/4,  244/57)  were  received  suggesting  a more 
productive  shallow  water  habitat  would  be  created  if  mill  tailings  are 
disposed  of  in  Wilson  Arm.  One  commentor  (197/2)  even  suggested  that 
the  point  of  discharge  be  moved  farther  up  Wilson  Arm  so  the  tailings 
can  be  deposited  in  a manner  that  will  increase  the  variety  of  habitats 
in  the  region  and  improve  the  overall  ecology  of  Smeaton  Bay. 

At  this  time  the  EPA  is  unable  to  determine  whether  the  "shallowing"  of 
Wilson  Arm  and  Smeaton  Bay  will  eventually  have  a beneficial  or  adverse 
effect  on  the  estuarine/marine  environment.  The  EPA  has  a healthy 
uncertainty  about  colonization  of  tailings  deposits  after  the  discharge 
ceases.  There  is  some  question  whether  the  physical  or  chemical  nature 
of  the  tailings  will  inhibit  colonization  by  species  of  economic  or 
ecological  importance.  In  fact,  the  colonizing  community  will  very 
likely  have  a different  composition  than  the  existing  community. 

Whether  this  is  good  or  bad  is  difficult  to  determine  at  this  time. 

The  EPA  does  not  agree,  however,  with  the  suggestion  to  move  the  point 
of  discharge  closer  to  the  Wilson/Blossom  estuary.  The  EPA  is 
concerned  about  protecting  this  biologically  sensitive  area  from  the 
adverse  effects  of  tailings  deposition  and  toxicity. 

A commentor  (244/60)  observed  that  water  soluble  hydrocarbons  may  occur 
in  either  Smeaton  Bay  or  Boca  de  Quadra  as  a result  of  the  discharge. 
They  questioned  a statement  in  the  BPJ  document  that  bioaccumulation  of 
water  soluble  hydrocarbons  may  occur  particularly  with  tailings 
discharge  to  Smeaton  Bay. 
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The  statement  has  been  reworded  to  indicate  that  bioaccumulation  may 
occur  because  both  tailings  and  wastewater  from  the  marine  terminal 
would  be  discharged  to  Wilson  Arm. 

A commentor  (244/61)  found  the  discussion  on  dissolved  metal 
concentrations  and  EPA's  water  quality  criteria  misleading  and  ignoring 
subsequent  dilution  of  the  tailings  in  the  mixing  chamber  at  the 
outfall  structure  and  in  the  receiving  water  after  discharge. 

This  entire  discussion  has  been  rewritten  because  too  much  emphasis  was 
placed  on  dissolved  metal  concentrations.  The  EPA's  criteria  for 
metals  are  expressed  as  total  recoverable  metals,  not  dissolved  metals. 

A comnentor  (152/1)  found  no  support  for  the  EPA's  conclusion  that  fish 
or  their  food  sources  will  be  adversely  affected  by  suspended  solids. 
Environmental  studies  performed  by  Bechtel  and  VTN  indicate  the  limits 
of  biologically  significant  penetration  of  sunlight  in  these  waters  was 
on  the  order  of  30  m. 

The  EPA  believes  the  commentor  has  not  considered  that  (1)  the  food 
chain  for  organisms  in  the  photic  zone  extends  well  below  30  m (e.g.. 
Revised  DEIS,  Appendix  S,  p.  76),  (2)  organisms  move  vertically  through 
the  30  m depth  (e.g.,  diurnal  migrations  by  zooplankton  and  herring), 
and  (3)  important  biological  communities  are  not  defined  by  the 
penetration  depth  of  sunlight  (e.g.,  VTN  1983g,  Figures  4.2-6  and 
4.2-7).  Considering  the  above,  the  EPA  maintains  that  organisms  of 
importance  in  the  upper  part  of  the  water  column  (water  depths  less 
than  100  m)  will  be  exposed  to  tailings  in  concentrations  that  may 
adversely  affect  them. 

A commentor  (252/16)  questioned  the  Revised  DEIS  determination  that 
Section  403  of  the  Clean  Water  Act  (the  Ocean  Discharge  Criteria)  does 
not  apply  to  the  Quartz  Hill  project.  It  was  believed  the  decision  was 
based  on  an  off-the-record  communication  with  the  U.S.  Department  of 
State.  Further,  even  assuming  that  Boca  de  Quadra  and  Smeaton  Bay  are 
inland  waters,  they  believe  that  an  Ocean  Discharge  Criteria  Evaluation 
is  required  if  tailings  are  disposed  of  in  Wilson  Arm  because  suspended 
tailings  will  be  transported  across  the  outer  sill  of  Smeaton  Bay  into 
territorial  waters. 

The  determination  that  Boca  de  Quadra  and  Smeaton  Bay  are  inland  waters 
was  made  by  the  U.S.  Department  of  State  on  March  25,  1986,  and 
reviewed  and  approved  by  the  Interagency  Baseline  Committee  on  April 
24,  1986.  This  information  is  contained  in  letters  dated  March  25  and 
April  28,  1986,  to  U.S.  Borax.  The  EPA  independently  confirmed  this 
information  in  telecommunications  with  the  State  Department.  The 
closure  lines  are  the  following: 

Smeaton  Bay:  55°  18.90'N,  130°  52 .28' W (Pt.  Trollop)  to 

55°  18.10'N,  130°  54.42'W  (unnamed  point). 

Boca  de  Quadra:  55°  05.16'N,  130°  59.61 'W  (unnamed  point)  to 

55°  04.05'N,  130°  59.21 ' W (unnamed  point). 
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Therefore,  the  fjords  are  inland  waters  shoreward  of  the  closure 
lines.  The  commentor  is  correct,  however,  in  pointing  out  that  the 
Ocean  Discharge  Criteria  apply  to  that  portion  of  the  Wilson  Arm 
discharge  that  is  transported  out  of  Smeaton  Bay  if  it  goes  beyond  the 
closure  line,  which  is  about  4 km  west  of  the  Smeaton  Bay  sill.  The 
final  BPJ  evaluation  is  also  an  ODCE  for  this  portion  of  the  discharge. 

A commentor  questioned  the  EPA's  characterization  of  conditions  in  the 
water  column  as  potentially  toxic  due  to  acutely  toxic  levels  of 
copper.  Further,  the  commentor  stated  (148/1)  that  the  concentration 
of  dissolved  copper  in  the  discharge  is  dependent  upon  the  amount  of 
seawater  used  to  slurry  the  tailings.  Therefore,  the  copper 
concentration  in  the  mixing  zone  can  be  readily  adjusted  to  meet 
required  effluent  limits. 

The  EPA  maintains  that  acutely  toxic  levels  of  copper  may  occur  in  the 
water  column  as  a result  of  the  discharge  of  mill  tailings  from  the 
Quartz  Hill  molybdenum  project.  The  maximum  dissolved  concentration  of 
copper  in  the  discharge  will  be  11.87  ug/1  (Revised  DEIS,  p.  F-4), 
whereas  the  Federal  Water  Quality  Criteria  level  for  both  acute  and 
chronic  toxicity  is  2.9  ug/1.  Subsequent  dilution  of  discharged 
tailings  in  the  receiving  water  will  occur;  however,  a probability 
remains  that  acute/chronic  level  of  copper  will  occur  over  a wide  area 
in  the  basin  receiving  the  discharge  (EPA  1988). 

A commentor  (148/3)  questioned  why  a copper  level  of  11.87  ug/1  and  a 
dilution  of  1:1  by  weight  (1:2  by  volume)  were  used  in  EPA's  metal 
concentration  evaluation  in  the  BPJ.  Higher  dilutions  in  the  mixing 
chamber  are  possible  (e.g.,  5:1  by  weight)  and  lower  copper  levels  of 
5.6  and  4 ug/1  were  respectively  measured  in  U. S.  Borax's  bench  scale 
and  pilot  plant  tests. 

In  completing  the  BPJ  evaluation,  the  EPA  used  copper  concentrations 
and  dilution  factors  that  provide  an  estimate  of  the  worst  case.  This 
is  consistent  with  analyses  reported  elsewhere  in  the  EIS.  The  EPA 
acknowledges  that  a greater  seawater  to  tailings  ratio  would  produce 
lower  dissolved  copper  concentrations,  such  as  those  observed  in  bench 
scale  and  pilot  plant  tests. 

A commentor  (148/4)  noted  that  Appendix  S (p.  79)  of  the  Revised  DEIS 
states  that  acute  toxicity  of  discharged  tailings  to  marine  organisms 
is  expected  to  be  low,  which  does  not  support  the  concern  for  high 
metal  concentrations.  The  commentor  requests  additional  documentation 
be  provided  to  justify  the  conclusions  reached  by  the  EPA. 

The  EPA  has  provided  additional  discussion  in  the  BPJ  (Appendix  S), 
which  more  completely  explains  our  concern  for  high  metal 
concentrations  (see  revised  Section  8).  Further,  the  EPA  has  completed 
a risk  assessment  (EPA  1988)  that  provides  probabilities  on  the 
frequency  with  which  suspended  tailings  and  copper  concentrations  would 
violate  state  water  quality  standards  in  Boca  de  Quadra  and  Wilson  Arm. 
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A commentor  (148/6)  questioned  whether  there  was  any  evidence  to 
suggest  significant  levels  of  acute  copper  toxicity  to  fish  outside  of 
the  mixing  zones  at  Island  Copper  and  Kitsault  mines  in  British 
Columbia.  If  so,  what  were  the  dissolved  copper  concentrations. 

Further  (148/8),  if  acute  copper  toxicity  is  a major  concern  in 
selecting  a tailings  disposal  alternative,  why  hasn't  the  published 
acute  toxicity  data  for  the  commercial  and  sports  fish  of  concern  been 
analyzed  in  the  Revised  DEIS  and  an  estimate  of  fish  mortality 
developed. 

The  EPA  is  unaware  that  mixing  zones  per  se  were  established  for  the 
discharges  at  either  Island  Copper  or  Kitsault  mines.  At  both  mines  no 
acute  toxicity  to  fish  has  been  observed  in  the  waters  that  received 
mill  tailings.  At  Island  Copper  mine,  however,  dissolved  copper  levels 
exceeded  the  EPA  water  quality  acute  criterion  (2.9  ug/1 ) in 
approximately  10  percent  of  the  marine  water  samples  in  1985,  including 
those  samples  taken  0.5  to  9 miles  from  the  point  of  discharge  and  at 
water  depths  of  5 to  60  m (Utah  Mines,  Ltd.  1986).  The  exceedances 
above  the  criterion  ranged  from  3.0  to  4.1  ug/1  dissolved  copper.  The 
EPA  criteria  for  metals  are  specified  in  terms  of  total  recoverable 
metal  concentration,  which  includes  both  dissolved  and  some  of  the 
solid  phase  metal  content.  The  Revised  DEIS  discusses  projected 
exceedances  of  the  total  recoverable  criteria  on  pages  4-82  and  4-83. 

The  Revised  DEIS  does  not  analyze  the  acute  toxicity  data  for 
commercial  and  sports  fish  of  concern  probably  because  it  is  a moot 
question.  The  federal  water  quality  criterion  for  copper  was  set  to 
protect  all  aquatic  life.  The  Revised  DEIS,  however,  does  discuss 
projected  fish  mortalities  for  each  disposal  alternative  on  pages  4-117 
to  4-146.  The  EPA  used  these  forecasts  in  completing  the  BPJ 
evaluation. 

R-12.5  Other  Comments 

Several  commentors  (2/1;  39/1;  41/1;  71/1;  105/1;  150/1;  208/2,3,5; 
230/1;  249/1;  260/1)  expressed  concern  that  the  EPA  had  not  given 
adequate  consideration  to  the  effects  of  the  more  costly  tailings 
discharge  alternative  on  mine  development.  Several  expressed  concern 
that  the  EPA  had  not  considered  the  social  and  economic  impacts  of  the 
Boca  de  Quadra  discharge  alternative. 

The  EPA  has  considered  socioeconomic  effects  throughout  the  EIS 
process.  We  have  conducted  several  economic  analyses  at  various  points 
in  the  EIS  process.  Initially,  an  economic  analysis  was  completed  that 
showed  that  on-land  tailings  disposal  would  be  prohibitively 
expensive.  We  also  recognize  the  higher  capital  cost  associated  with 
the  Boca  de  Quadra  discharge  alternative.  Based  on  these  analyses,  EPA 
believes  that  the  capital  cost  increment  posed  by  Boca  de  Quadra 
disposal  might  influence  the  timing  of  project  start-up,  but  would  have 
slight  effect  on  operation  of  the  mine  once  prediction  has  begun. 
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Concern  was  expressed  by  several  commentors  (4/1,2;  71/1;  230/3)  that 
the  difference  in  risk  between  the  two  fjords  should  be  considered, 
especially  since  a significant  cost  difference  exists  between  the  two 
marine  discharge  alternatives. 

The  EPA  completed  an  ecological  risk  assessment  in  May  1988  (EPA 
1988).  The  risk  assessment,  which  is  based  on  the  information 
presented  in  the  Revised  DEIS,  was  developed  as  a tool  to  aid  in  the 
evaluation  and  decision-making  process.  It  showed  that  there  were 
differences  in  the  hydrodynamics  and  hydrography  of  each  fjord.  These 
differences  were  used  in  the  risk  assessment  to  differentiate  the  types 
and  magnitude  of  environmental  impacts  that  may  occur  in  each  basin  as 
a result  of  tailings  discharge.  The  results  indicate  that  the  risks 
from  discharge  in  Wilson  Arm  are  greater  than  the  risks  associated  with 
discharge  in  Boca  de  Quadra.  However,  the  projected  risk  does  not 
preclude  tailings  disposal  in  Wilson  Arm  with  appropriate  monitoring  of 
water  quality. 

Several  commentors  (35/1;  57/1;  152/6;  208/1,6;  230/2)  stated  that  the 
EPA  has  not  given  adequate  consideration  to  the  fact  that  disposal  in 
Wilson  Arm/Smeaton  Bay  will  result  in  impacts  being  confined  to  a 
single  drainage  basin  and  it  would  not  be  necessary  to  have  tailings 
disposal  facilities  in  a designated  wilderness  area. 

The  EPA  notes  that  if  confining  the  mine  and  all  of  its  facilities  to  a 
single  drainage  basin  is  a major  goal,  then  other  viable  project 
component  alternatives  exist,  such  as  locating  all  components  of  the 
project  in  the  Keta  River  drainage  rather  than  the  Wilson  River 
drainage.  At  any  rate,  the  project  is  not  without  impacts  to  the 
wilderness  area  whether  tailings  are  disposed  in  Wilson  Arm/Smeaton  Bay 
or  Boca  de  Quadra.  A Boca  de  Quadra  discharge  would  involve  a portal, 
located  in  the  Keta  River  drainage,  that  would  require  less  than 
25  acres  of  land  that  are  located  in  the  wilderness  area.  As  currently 
configured,  the  mine  and  its  ancillary  facilities,  although  not  located 
in  the  wilderness  area,  would  be  heard  from  numerous  locations  within 
the  wilderness  area. 

Two  commentors  (119/1,  151/1)  felt  that  the  EPA  has  not  considered  the 
potential  for  improved  mining  practices  that  could  compensate  for 
concerns  about  accumulation  of  tailings  above  100  m in  Wilson 
Arm/Smeaton  Bay  in  latter  years  of  the  project. 

In  response,  the  EPA  notes  that  no  information  has  been  found  to  date 
to  indicate  major  changes  in  mining  practices.  The  quantity  of 
tailings  is  determined  by  the  ore  characteristics.  Even  with 
100  percent  extraction  efficiency,  this  would  not  significantly  change 
the  quantity  of  tailings.  EPA's  permit  decision  must  be  based  on 
currently  available  information  and  technology  rather  than  depending  on 
future  advances  in  mining  practices. 
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Section  1 


INTRODUCTION 


Purpose  and  Organization  of  Evaluation 

The  U.  S.  Environmental  Protection  Agency  (EPA)  is 
determining  whether  to  issue  a National  Pollutant  Discharge 
Elimination  System  (NPDES)  permit  for  the  discharge  of  mill 
tailings  to  marine  waters  in  southeastern  Alaska  from  the 
proposed  Quartz  Hill  molybdenum  mine. 

On  August  21,  1985,  an  initial  evaluation  was  prepared  in  the 
form  of  a preliminary  Ocean  Discharge  Criteria  Evaluation  (ODCE) , 
which  was  prepared  in  accordance  with  the  requirements  of  Section 
403(c)  of  the  Clean  Water  Act.  An  ODCE  was  required  because  both 
Boca  de  Quadra  and  Smeaton  Bay  were  initially  considered 
territorial  seas  by  EPA.  The  U.  S.  Department  of  State,  however, 
established  closure  lines  at  the  entrance  to  Smeaton  Bay  and  Boca 
de  Quadra  (Colson  pers.  comm.)  in  1986.  Because  these  fjords  are 
now  considered  internal  waters  of  the  State  of  Alaska,  EPA  is 
not  required  to  prepare  an  ODCE,  but  rather  will  use  the  Ocean 
Discharge  Criteria  (40  CFR  Part  125,  Subpart  M)  as  a means  to 
complete  an  environmental  evaluation  of  estuarine  and  marine 
impacts  using  Best  Professional  Judgment  (BPJ) . In  the  event  of 
tailings  advection  into  Behm  Canal,  this  document  suffices  for  an 
ODCE  of  the  material  advected  out  of  Smeaton  Bay. 

This  evaluation  follows  a draft  document  entitled  "A  BPJ 
Evaluation  Using  the  Ocean  Discharge  Criteria  for  Mill  Tailings 
Disposal  from  the  Proposed  Quartz  Hill  Mine  in  S.  E.  Alaska," 
which  was  included  as  Appendix  s in  a June  1987  Revised  Draft 
Environmental  Impact  Statement  prepared  by  the  U.  S.  Department 
of  Agriculture,  Forest  Service,  for  this  project. 

On  December  3,  1982,  EPA  excluded  this  mine  and  mill  from  the 
New  Source  Performance  Standards  (47  FR  54598)  with  the 
understanding  that  effluent  limitations  and  permit  conditions 
will  be  developed  through  the  environmental  review  and  permit 
processes.  This  evaluation  is  then  intended  to  provide  the  basis 
for  EPA's  NPDES  permit  decisions. 

Ocean  Discharge  Criteria  guidelines  set  forth  specific 
criteria  for  determining  unreasonable  degradation;  these  criteria 
shall  be  addressed  prior  to  issuing  an  NPDES  permit. 

"Unreasonable  degradation  of  the  marine  environment"  is  defined 
(40  CFR  125 . 121 [e] ) as: 
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"(1)  Significant  adverse  changes  in  ecosystem  diversity, 

productivity  and  stability  of  the  biological  community 
within  the  area  of  discharge  and  surrounding  biological 
communities , 

"(2)  Threat  to  human  health  through  direct  exposure  to 

pollutants  or  through  consumption  of  exposed  aquatic 
organisms,  or 

"(3)  Loss  of  aesthetic,  recreational,  scientific  or  economic 
values,  which  is  unreasonable  in  relation  to  the 
benefit  derived  from  the  discharge." 

This  determination  will  be  made  based  on  consideration  of 
the  10  factors  contained  in  the  guidelines  (40  CFR  125.122).  For 
purposes  of  this  evaluation,  these  10  factors  have  been 
consolidated  into  the  following  seven  factors,  each  of  which  is 
evaluated  in  a separate  section  of  this  document: 

1)  Composition  and  quantities  of  materials  discharged 
(Section  2) . 

2)  Transport  and  persistence  of  materials  discharged 
(Section  3) . 

3)  Composition  and  vulnerability  of  the  biological 
communities;  the  presence  of  unique  or  endangered 
species  or  communities;  the  presence  of  species  critical 
to  the  structure  of  the  ecosystem;  the  presence  of 
spawning  sites,  nursery,  or  forage  areas  (Section  4 and 
Appendices  A-E) . 

4)  Toxicity  of  materials  discharged  and  bioaccumulation  in 
the  food  chain  affecting  plant  and  animal  species  or 
human  health  (Section  5) . 

5)  Commercial,  subsistence,  and  recreational  fishing  and 
shellfishing  (Section  6) . 

6)  Coastal  zone  management  considerations  and  existence  of 
special  aquatic  sites  such  as  marine  sanctuaries 
(Section  7) . 

7)  Applicable  marine  water  quality  criteria  (Section  8) . 


Project  Overview  and  Scope  of  Evaluation 

This  document  evaluates  impacts  of  submarine  discharge  of 
mill  tailings  under  an  NPDES  permit  requested  by  U.S.  Borax  for 
the  molybdenum  mining  operation  at  Quartz  Hill  in  southeastern 
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Alaska.  It  also  evaluates  discharge  of  treated  sanitary  sewage 
effluent,  treated  washdown  water,  and  site  runoff  by  way  of  a 
separate  marine  outfall. 

The  project  is  located  within  Misty  Fjords  National  Monument 
in  a designated  non-wilderness  area  (Figure  1-1) . The  project 
area  encompasses  the  northern  portions  of  Smeaton  Bay  and  Boca  de 
Quadra . 

The  project  concept  includes  an  open  pit  mine  with  ore 
processing  facilities  located  in  the  Tunnel  Creek  basin.  The 
proposed  action  is  that  tailings  will  be  transported  from  Tunnel 
Creek  by  pipeline  to  a submarine,  gravity-flow  outfall  in  Wilson 
Arm  of  Smeaton  Bay.  EPA  is  considering  an  alternative  action  of 
discharge  of  tailings  by  pipeline  and  tunnel  to  a submarine, 
gravity-flow  outfall  in  Boca  de  Quadra.  Treated  sanitary  sewage 
from  the  Tunnel  Creek  and  marine  terminal  facilities,  treated 
equipment  washdown  water  from  the  fuel  oil  storage  area  and 
marine  terminal,  and  surface  runoff  from  the  marine  terminal  area 
will  be  discharged  into  Wilson  Arm  by  way  of  an  outfall  separate 
from  the  mill  tailings  outfall. 

Wilson  Arm  is  a small  embayment  extending  to  the  northeast  at 
the  bifurcated  head  of  Smeaton  Bay;  Bakewell  Arm  is  the  other 
small  embayment  at  the  head  of  Smeaton  Bay.  The  Wilson 
Arm/Smeaton  Bay  fjord  extends  from  the  Wilson  River/Blossom  River 
estuary  westward  approximately  20  km  (12  mi)  to  Behm  Canal.  An 
underwater  sill  separates  the  285  m (940  ft)  deep  Smeaton  Bay 
basin  from  deeper  waters  in  Behm  Canal.  Wilson  Arm  is 
approximately  160  m (540  ft)  deep.  The  mouth  of  Smeaton  Bay  is 
located  at  approximately  55°20'N,  130°50'W. 

Boca  de  Quadra  is  a fjord  which  extends  from  the  Keta  River 
estuary  westward  approximately  57  km  (35.5  mi)  to  the 
Revillagigedo  Channel.  Underwater  sills  divide  it  into  inner, 
middle,  and  outer  basins  approximately  8,  27,  and  22  km  (5,  17, 
and  13.5  mi)  long  and  170,  400,  and  375  m (560,  1,310,  and  1,230 
ft)  deep,  respectively.  The  mouth  of  the  fjord  is  located  at 
approximately  55°05'N,  131°00'W. 

Mill  tailings  discharges  will  average  40,000  tons/day  (t/d) 
for  the  first  4-6  years,  and  approximately  80,000  t/d  for  the 
remaining  49-51  years  of  project  life.  This  represents 
approximately  99  percent  of  the  mined  materials  or  approximately 
0.84  billion  m3 . The  marine  wastewater  outfall  will  fluctuate  in 
volume  by  season,  depending  on  the  volume  of  site  runoff.  Sewage 
will  comprise  approximately  0.033  mgd.  Maximum  discharge  is 
expected  to  be  3.1  mgd,  with  a daily  average  of  0.24  mgd. 
Composition  of  the  discharges  is  more  fully  described  in  Section 
2. 
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Two  tailings  disposal  alternatives  for  Boca  de  Quadra  were 
initially  proposed  by  the  project  applicant  and  are  being 
considered  as  alternative  actions  by  EPA:  discharge  to  the 

middle  basin  only,  or  initial  discharge  to  the  inner  basin.  In 
the  latter  alternative,  tailings  would  fill  the  inner  basin  to 
sill  depth  within  10  years  and  then  spill  over  into  the  middle 
basin.  The  draft  permit  submitted  by  EPA  on  6 August  1984 
included  a third  alternative  Boca  de  Quadra  discharge  3.5  km  (2.1 
mi)  downfjord  of  the  inner  sill.  This  location  in  the  middle 
basin  was  selected  by  EPA  to  minimize  the  advection  (by  tidal 
excursion)  of  suspended  fines  over  the  sill  into  the  inner  basin, 
assuming  an  outfall  depth  of  46  m (150  ft) . This  objective 
(minimizing  advection  of  fines  into  the  inner  basin)  also  can  be 
met  at  locations  in  the  middle  basin  nearer  the  inner  sill  if  the 
outfall  depth  is  deepened.  Apart  from  the  issue  of  advection  of 
suspended  fines  over  the  inner  basin  sill,  the  exact  location  of 
the  middle  basin  outfall  will  have  little  bearing  on  other 
environmental  aspects  of  the  discharges.  Thus,  only  one  middle 
basin  discharge  is  addressed  in  this  evaluation.  It  is  assumed 
that  the  advection  question  can  be  resolved  by  the  appropriate 
location  and  depth  of  the  outfall. 

Wilson  Arm  was  not  included  as  an  alternative  tailings 
discharge  location  in  the  preliminary  ODCE  dated  29  June  1984. 

On  25  January  1985,  U.S.  Borax  submitted  a revised  NPDES 
application  that  requested  disposal  of  mill  tailings  in  Wilson 
Arm  rather  than  in  Boca  de  Quadra.  Therefore,  the  29  June  1984 
ODCE  was  expanded  to  evaluate  this  disposal  alternative  and  the 
wastewater  discharge  to  Wilson  Arm.  This  document  evaluates  two 
alternative  discharge  sites  in  Boca  de  Quadra  (inner  and  middle 
basins)  and  one  discharge  site  in  Wilson  Arm  for  mill  tailings. 
For  the  purposes  of  this  evaluation,  Wilson  Arm  is  considered  a 
subregion  of  Smeaton  Bay.  Discharge  of  tailings  to  Wilson  Arm 
eventually  will  affect  all  of  Smeaton  Bay,  thus,  tailings 
discharge  to  Wilson  Arm  is  considered  synonymous  with  discharge 
to  Smeaton  Bay. 
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Section  2 


COMPOSITION  AND  QUANTITIES  OF  MATERIALS  DISCHARGED 


Summary 

Mill  tailing  discharges  will  increase  from  a nominal  36,290 
mt/d  (40,000  t/d)  during  the  first  4-6  years  to  72,570  mt/d 
(80,000  t/d)  solids  on  a dry  weight  basis  during  the  subsequent 
49-51  years  of  operation.  The  80,000  tons  of  solids  will  be 
mixed  with  98,000  tons  of  water  at  the  time  of  discharge  from  the 
tailings  thickener.  Median  grain  size  of  the  predominately 
quartz/feldspar  tailings  will  be  63  microns. 

Concentrations  of  dissolved  metals  in  the  tailings  are 
expected  to  be  at  least  one  to  two  orders  of  magnitude  higher 
than  concentrations  now  observed  in  either  Boca  de  Quadra  or 
Smeaton  Bay.  Variation  in  the  chemical  composition  of  the  solid 
and  dissolved  phases  could  occur  over  the  life  of  the  mine  as 
different  ore  bodies  are  processed. 

A number  of  reagents  will  be  added  during  the  milling 
process.  Some  of  these  report  to  the  ore  concentrate;  others 
remain  with  the  tailings;  all  are  subject  to  recycling  in  the 
thickeners.  As  a result,  an  unknown  quantity  of  the  reagent  load 
potentially  will  be  discharged  to  the  fjord.  Milling  reagents 
that  report  to  the  waste  solids  are  most  likely  to  occur  in  the 
discharge.  The  major  organic  reagent  likely  to  be  in  the 
discharge  is  a quaternary  ammonium  salt  used  as  a flocculant  for 
waste  rock.  Only  small  concentrations  of  diesel  fuel-related 
compounds  are  expected  in  the  effluent.  Reaction  of  Nokes 
reagent  with  water  could  result  in  the  release  of  H^S,  which  is 
very  soluble  and  very  toxic  to  marine  organisms.  Although  it  is 
clear  that  sulfide  species  will  occur  in  the  discharge, 
insufficient  data  exist  on  kinetics  of  reaction  to  determine 
concentration  of  the  various  species  in  the  discharge  and  their 
biochemical  oxygen  demand  (BOD)  in  the  receiving  water.  Oxidized, 
less  toxic  species  would  predominate  at  the  pH  of  seawater  if 
adequate  aeration  occurs  prior  to  discharge. 

Small  volumes  of  domestic  sewage  and  groundwater  (tunnel 
drainage)  that  would  be  discharged  to  Boca  de  Quadra  with  the 
tailings  are  not  expected  to  have  any  effect  on  the  fjord 
ecosystem.  These  materials  would  not  be  part  of  the  mill 
tailings  discharge  to  Smeaton  Bay. 

The  marine  terminal  wastewater  outfall  in  Smeaton  Bay  will 
discharge  secondary  treated  sewage  effluent,  treated  equipment 
washdown  water,  and  stormwater  runoff.  The  volume  of  effluent 
and  concentration  of  pollutants  will  vary  significantly  as 
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stormwater  runoff  volume  varies.  The  average  daily  volume  of 
sewage  and  washdown  water  is  small  (approximately  39,000  gal/d) 
compared  to  the  average  and  maximum  stormwater  runoff  flows 
(0.205  mgd  and  3.1  mgd,  respectively).  Some  BOD  and  ammonia 
loading  to  Wilson  Arm  will  occur  as  a result  of  the  discharge. 
Insufficient  data  exist  on  concentrations  of  chlorine  and 
dissolved  petroleum  hydrocarbons  in  the  wastewater  effluent  and 
their  subsequent  loading  to  Wilson  Arm. 


Introduction 


Molybdenum  in  the  Quartz  Hill  deposit  occurs  as  small 
diameter  crystals  (0.05-0.08  mm)  of  molybdenite  (MoS2)  (Snook 
1982,  p.  288).  The  particles  are  present  in  quartz  veins 
disseminated  throughout  an  igneous  intrusion.  To  obtain  the  ore, 
the  host  rock  must  be  crushed  to  liberate  the  molybdenite 
crystals  and  flakes.  The  ore  particles  can  then  be  physically 
separated  from  the  waste  rock  using  a flotation  process.  Ore  is 
concentrated  and  sent  to  a processing  plant  outside  of  the 
project  area. 

In  this  section,  the  flotation  process  is  briefly  described 
along  with  the  proposed  marine  outfall  systems  and  the  physical- 
chemical  composition  and  quantity  of  wastes  to  be  discharged. 

This  information  is  needed  for  subsequent  evaluation  of  the  fate 
and  effects  of  wastewater  discharge  to  Smeaton  Bay  and  tailings 
disposal  to  Boca  de  Quadra  or  Smeaton  Bay. 


Ore  Processing 

Poling  (1982,  pp.  65-68)  generally  describes  the  type  of  ore 
processing  system  planned  for  Quartz  Hill.  Following  grinding, 
the  ore  enters  a series  of  flotation  cells  as  a slurry  where  the 
difference  in  surface  properties  of  molybdenite  and  waste 
minerals  is  used  to  physically  separate  them.  Chemicals  called 
"collectors"  are  added  to  the  mineral  slurry  to  make  the 
molybdenite  particles  hydrophobic  while  the  waste  minerals  remain 
hydrophilic  (preferentially  wetted  by  water) . Air  bubbles 
dispersed  in  the  flotation  cells  attach  to  the  hydrophobic 
molybdenite  particles  and  carry  them  to  the  surface  of  the  cells. 
A stable  froth  column  is  maintained  on  the  surface  of  the  cells 
by  addition  of  alcohol-type  reagents  called  "frothers."  The 
froth  holds  the  molybdenite  particles  at  the  surface  until  the 
froth  overflows  the  flotation  cells,  carrying  the  molybdenite  to 
ore  concentration  processes. 

The  majority  of  water  used  in  the  flotation  cells  will  be 
cooling  water  from  the  power  plant;  small  quantities  will  come 
from  the  ore  stockpile  and  as  washdown  water  from  the 
administration  and  service  warehouse  buildings.  The  waste  rock 
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(tailings)  pass  from  the  bottom  of  the  flotation  cells  to  a 
tailings  thickener  (U.  S.  Borax  1984a,  p.  1).  The  tailings 
thickener  reclaims  approximately  50  percent  of  the  process  water 
for  recycling  to  the  flotation  cells  (Rescan  Environmental 
Services  1984,  p.  38). 


Tailings  Slurry  Quantity 

For  an  initial  4-6  year  period,  the  Quartz  Hill  Mine  will 
process  a nominal  36,290  mt/d  (40,000  t/d)  on  a dry  weight  basis 
(U.  S.  Borax  1984a,  p.  3).  This  production  rate  is  planned  to 
subsequently  increase  to  a nominal  rate  of  72,570  mt/d  (80,000 
t/d) . The  nominal  production  rate  represents  the  average  design 
capacity  of  the  processing  facilities.  Following  optimization  of 
plant  operation,  U.  S.  Borax  (1984a,  p.  3)  expects  actual  daily 
production  rates  to  vary  above  and  below  the  nominal  rate  by  10- 
15  percent. 

Since  the  recovered  minerals  represent  less  than  1 percent  of 
the  processed  rock,  the  tonnage  of  rock  mined  and  processed  can 
be  considered  equal  to  the  tonnage  of  tailings  to  be  discharged. 

A discharge  rate  of  72,570  mt/d  (80,000  t/d)  solids  will  be  used 
for  subsequent  discussion  of  the  fate  and  effects  of  tailings 
discharge. 

The  tailings  slurry  prior  to  predilution  with  seawater  in  the 
mixing  tank  is  expected  to  be  45  percent  solids  by  weight  (Rescan 
Environmental  Services  1984,  p.  46).  At  45  percent  solids,  the 
tailings  slurry  will  consist  of  80,000  tons  solids  and  98,000 
tons  fresh  water.  In  terms  of  volume,  about  88,900  m3  of 
freshwater  and  27,500  m3  of  solids  will  be  discharged  daily, 
assuming  a slurry  specific  gravity  of  1.39  (U.S.  Borax  1983a  p. 
3-8).  The  total  mill  tailings  slurry  discharge  rate  will  be  1.35 
m3/sec  (30.7  mgd)  prior  to  predilution.  For  comparison,  the  mean 
annual  discharge  of  the  Keta  River  to  Boca  de  Quadra  is  23  m3/sec 
(520  mgd) ; the  combined  discharge  of  the  Blossom  and  Wilson 
Rivers  to  Wilson  Arm  is  53  m3/sec  (1,200  mgd)  (Envirosphere  1984, 
p.  3-44). 


Tailings  Outfall  Characteristics 

Mill  tailings  are  proposed  to  be  discharged  to  Smeaton  Bay 
(Wilson  Arm)  by  way  of  an  outfall  separate  from  a marine  terminal 
wastewater  outfall  discharging  treated  domestic  sewage,  treated 
washdown  water,  and  treated  surface  runoff.  Marine  terminal 
wastewater  outfall  characteristics  and  effluent  composition  are 
discussed  separately  from  the  tailings  outfall  at  the  end  of  this 
section. 
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If  mill  tailings  are  discharged  to  Boca  de  Quadra,  a 
relatively  small  quantity  of  domestic  sewage  from  the  Tunnel 
Creek  housing  facility  and  tunnel  drainage  will  be  included  with 
the  tailings  discharge  to  Boca  de  Quadra. 

Boca  de  Quadra 

After  leaving  the  tailings  thickener,  the  tailings  slurry 
will  travel  through  a tunnel  to  a deaeration  and  mixing  tank 
located  in  Boca  de  Quadra.  The  mixing  tank  provides  for  a 
minimum  of  1:1  (by  weight)  predilution  of  tailings  with  seawater 
as  well  as  removal  of  air  bubbles  entrained  in  the  tailings 
slurry. 

Removal  of  air  bubbles  should  be  a primary  objective  in 
design  of  the  mixing  tank.  Any  air  bubbles  discharged  with  the 
effluent  will  rise  to  the  surface  of  the  fjord,  carrying 
discharged  solids  with  them.  This  problem  was  observed  with 
tailings  discharge  to  Rupert  Inlet  at  the  Island  Copper  Mine  on 
Vancouver  Island,  British  Columbia,  (Pelletier  pers.  comm.)  and 
was  also  observed  in  the  outfall  physical  model  developed  at  the 
University  of  Iowa.  To  alleviate  the  problem  at  Island  Copper, 
the  mixing  chamber  was  redesigned  to  allow  influent  tailings  to 
enter  the  tank  below  the  water  line. 

Two  preliminary  mixing  tank  designs  were  developed  by  U.  S. 
Borax  (1983a).  Reim  (pers.  comm.)  subsequently  indicated  that  the 
design  shown  in  Figure  2-1  is  the  proposed  alternative. 

Two  alternative  outfall  locations  in  Boca  de  Quadra  are 
considered  in  this  evaluation:  one  located  in  the  inner  basin, 

and  the  other  in  the  middle  basin  (Figure  2-2) . In  the  initial 
permit  application  (25  April  1984) , U.  S.  Borax  proposed  to 
discharge  tailings  to  the  inner  basin  (U.  S.  Borax  1984a,  p.  10) . 
Tailings  deposition  would  be  confined  to  the  inner  basin  for  the 
first  10  years.  After  the  inner  basin  is  filled  (13-15  years) , 
tailings  would  flow  over  the  inner  sill  to  the  middle  basin.  If 
tailings  do  not  flow  over  the  sill  as  expected,  then  the  outfall 
system  would  be  extended  to  the  middle  basin. 

In  either  basin,  the  tailings  outfall  would  be  located  at  a 
depth  of  46  m (150  ft) . Middle  basin  discharge  is  proposed  to 
occur  approximately  6.7  km  (22,000  ft)  downfjord  from  the  mudflat 
at  the  mouth  of  the  Keta  River  (i.e.,  just  south  of  the  inner 
sill) . Tailings  would  eventually  cover  the  floor  of  the  entire 
middle  basin.  Discharge  to  the  inner  basin  would  involve  outfall 
placement  along  the  western  side  of  the  inner  basin.  Tailings 
would  fill  the  inner  basin  to  sill  depth  within  10  years,  and 
spill  over  into  the  middle  basin. 
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TANK  DIA.  6 m APPROX. 


TO  -50  m DEPTH 


SECTION  A-A 


PRELIMINARY  DESIGN  OF  A SECONDARY  MIXING  TANK 
AND  TAILINGS  OUTFALL 


FIGURE 

2-1 


SOURCE:  Reim,  pers.  comm. 
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Wilson  Arm 


After  leaving  the  tailings  thickener,  the  mill  tailings 
slurry  will  travel  by  pipeline  to  a deaeration  and  mixing  chamber 
(Figure  2-1)  located  in  Wilson  Arm.  The  source  of  the  process 
water  will  remain  unchanged  from  that  described  above. 

Discharge  to  Wilson  Arm  is  proposed  to  occur  just  south  of 
the  marine  terminal  approximately  1.1  km  (3,500  ft)  downfjord 
from  the  Wilson  River/Blossom  River  estuary  mudflat  (Figure  2-3) 
at  a depth  of  46  m (150  ft) . If  the  tailings  deposit  and 
consolidate  to  1.55-1.67  g/cm3  (97-105  lb/ft3)  as  predicted,  the 
total  tailings  discharge  to  Wilson  Arm  will  fill  the  entire 
Smeaton  Bay  system  to  45  m (150  ft)  below  the  sill  depth  at  the 
mouth  (Rescan  Environmental  Services  1984,  pp.  61-62).  The 
volume  of  the  below  sill  basin  would  be  reduced  by  more  than  90 
percent;  the  final  reduction  in  volume  will  depend  on  the  angle 
of  repose  of  the  tailings  pile  from  the  discharge  point  to  the 
toe  of  the  tailings  pile  at  the  mouth  of  Smeaton  Bay. 


Tailings  Effluent  Composition 

The  results  of  bench  scale  analysis  and  pilot  plant 
processing  of  the  Quartz  Hill  bulk  ore  sample  indicate  the 
general  characteristics  of  the  tailing  effluent.  These 
characteristics  are  summarized  in  Table  2-1.  The  tailings  slurry 
prior  to  predilution  in  the  mixing  tank  is  expected  to  contain  45 
percent  solids  by  weight  (Rescan  Envioronmental  Services  1984, 
p.  46). 

Physical  Characteristics 

The  particle  size  distribution  of  the  Quartz  Hill  mill 
tailings  is  presented  in  Figure  2-4  and  compared  to  the  size 
distributions  of  Island  Copper  and  Kitsault  molybdenum  mine  mill 
tailings.  Both  of  these  mines  are  located  in  British  Columbia; 
Island  Copper  on  Vancouver  Island  and  Kitsault  40  km  (24  mi)  east 
of  Quartz  Hill  on  Alice  Arm.  Cumulative  weight  percentages  are 
plotted  on  a probability  scale  against  particle  diameter  on  a 
logarithmic  scale  so  that  normal  distribution  will  plot  as  a 
straight  line.  The  Quartz  Hill  tailings  are  generally  finer  than 
the  Kitsault  tailings  but  coarser  than  the  Island  Copper 
tailings.  Median  grain  size  for  Quartz  Hill  tailings  would  be  63 
um,  compared  to  102  urn  for  Kitsault  and  32  um  for  Island  Copper. 
Partical  sizes  10  um  and  less  would  represent  18  percent  of  the 
Quartz  Hill  tailings  by  weight  (Figure  2-4) . 

The  density  of  the  tailings  effluent  will  vary  as  a function 
of  solids  density,  solids  concentration,  and  temperature.  The 
density  of  the  effluent  is  important  in  determining  nearfield 
discharge  characteristics.  The  discharge  would  too  rapidly 
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SMEATON  BAY  DISCHARGE  LOCATIONS  FIGURE  2-3 


Table  2-1.  General  Characteristics  of  the  Mill  Tailings  Effluent 


INFORMATION  SOURCE 


a be 


PH 

6-9 

8 . 5 

8.7 

+ 

0.1 

Summer  temperature , oC 

10-16 

- 

10.5 

+ 

2 . 2 

Winter  temperature,  oC 

7-10 

- 

- 

Total  dissolved  solids, 

ppm 

- 

938 

160 

+ 

65 

Total  suspended  solids, 

ppm 

450,000-550,000 

- 

- 

Dissolved  oxygen,  ppm 

- 

o 

• 

CO 

7.0 

+ 

1.3 

Total  organic  carbon,  ppm 

- 

- 

18.8 

+ 

1.0 

BOD5,  mg/1 

15-30 

- 

- 

Oil  & grease,  mg/1 

<0.20 

— 

- 

a U.  S.  Borax  1985. 

b Bench-scale  results  (Rescan  Environmental  Services  1984,  Table  4). 
c Pilot  plant  results  (ibid) . 

d Seasonal  temp,  from  pilot  plant  not  appropriate. 
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dilute  and  disperse  if  the  tailings  density  approaches  ambient 
seawater  (Section  3).  Quartz,  the  major  constituent  of  the 
tailings  solids,  has  a density  of  2.65  g/cm3  (165  lb/ft3). 
Assuming  a seawater  density  of  1.026  g/cm  , the  tailings  density 
at  discharge  will  be  approximately  as  shown: 

DENSITY  AFTER  DENSITY  AFTER 

EFFLUENT  1:1  (wt:wt)  4:1  (wt:wt) 


PERCENT  SOLID 

DENSITY 

SEAWATER  DILUTION 

SEAWATER  DILUTION 

40 

1.332 

1.159 

1.075 

45 

1.389 

1.180 

1.083 

50 

1.452 

1.202 

1.090 

Changes  in  temperature  between  1°C  and  15°C  will  change  the 
tailings  density  only  slightly  (in  the  third  decimal  place) . A 
similar  effect  on  tailings  density  would  be  noted  if  1 g/1  of 
dissolved  solids  occurred  in  the  ambient  seawater  used  for 
predilution.  Findikakis  (1983,  p.  27)  assumes  a tailings  slurry 
density  of  1.47  g/cm3  prior  to  predilution,  based  on  processing 
with  seawater  and  50  percent  solids  by  weight.  Burling  et  al. 
(1981,  p.  37)  report  a predilution  tailings  density  of  1.28  g/cm3 
at  the  Kitsault  Mine. 

Chemical  Composition 

The  Quartz  Hill  mill  tailings  effluent  will  be  composed  of 
waste  rock  particles,  water,  and  residual  milling  chemicals. 
Approximately  94  percent  of  the  particles  will  be  quartz  and 
feldspar  minerals  (U.  S.  Borax  1984a,  Table  1) . U.  S.  Borax 
conducted  pilot  plant  testing  of  a large  bulk  ore  sample.  The 
analyses  of  the  solid  and  liquid  fractions  of  the  tailings  from 
these  tests  are  considered  to  be  the  best  chemical 
characterization  to  date  (Paulsen  pers.  comm.).  Tailings  were 
sampled  24-27  October  1983  as  24-hr  composites,  hourly 
composites,  and  grab  samples.  Although  the  exact  number  of 
analyses  is  not  reported,  the  resulting  range  of  concentrations 
during  this  representative  time  period  provides  a preliminary 
indication  of  chemical  variability. 

The  concentration  of  potentially  toxic  metals  in  tailings 
solids  is  shown  in  Table  2-2  and  compared  to  mill  tailings  from 
the  Island  Copper  and  Kitsault  Mines  as  well  as  to  average 
amounts  of  elements  in  the  earth's  crust.  The  metals 
concentrations  of  the  Quartz  Hill  tailings  are  generally  similar 
to  tailings  from  Island  Copper  and  Kitsault  with  the  possible 
exception  of  a slightly  higher  level  of  arsenic. 

Metals  concentrations  in  the  liquid  or  dissolved  phase  of  the 
Quartz  Hill  tailings  are  compared  in  Table  2-3  to  maximum 
dissolved  metals  concentrations  observed  in  Boca  de  Quadra 
(Erickson  and  Stukas  1983,  pp.  1-25)  and  in  Smeaton  Bay  (Burrell 
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1983,  Table  7.5).  Reported  concentrations  for  the  Island  Copper 
and  Kitsault  tailings  are  also  listed.  Dissolved  metals  probably 
will  be  present  in  the  Quartz  Hill  tailings  at  concentrations  at 
least  one  or  two  orders  of  magnitude  higher  than  concentrations 
now  observed  in  Boca  de  Quadra  or  Smeaton  Bay.  Rescan 
Environmental  Services  (1984,  p.  44)  notes  that  pilot  plant 
results  may  more  closely  simulate  actual  operations,  although 
bench-scale  results  can  be  regarded  as  more  conservative 
estimates  for  the  impact  assessment.  Relative  to  Island  Copper 
tailings,  the  Quartz  Hill  mill  tailings  are  likely  to  contain 
higher  quantities  of  dissolved  cadmium,  chromium,  lead,  mercury, 
molybdenum,  and  zinc  based  on  the  more  conservative  bench-scale 
tests.  Relative  to  Kitsault,  dissolved  cadmium,  lead,  nickel, 
and  selenium  may  be  higher  in  Quartz  Hill  mill  tailings  effluent. 
If  pilot-scale  results  are  judged  more  representative,  then 
Quartz  Hill  effluent  will  be  generally  cleaner  than  effluent  from 
the  other  two  mines  with  the  possible  exceptions  of  chromium  and 
selenium. 

Substantial  variation  in  the  chemical  composition  of  the 
solid  and  dissolved  phases  could  occur  over  the  life  of  the 
Quartz  Hill  Mine  as  different  parts  of  the  ore  body  are  processed 
or  because  of  adjustments  or  variation  in  the  mining  process.  U. 
S.  Borax  (1984b,  p.  8)  reports,  however,  that  the  ore  body  is 
relatively  uniform  in  nature.  Some  variation  in  the  chemical 
composition  of  the  tailing  effluent  can  be  expected. 

A number  of  chemicals  must  be  added  to  the  milling  process  to 
control  the  separation  of  the  molybdenite  from  the  waste  (gangue) 
minerals.  The  proposed  reagents  and  their  application  rates  are 
presented  in  Table  2-4.  Frothers  are  used  to  maintain  a stable 
layer  of  froth  on  top  of  the  aerated  flotation  cell.  Collectors 
are  used  to  improve  the  separation  of  the  naturally  hydrophobic 
molybdenite  crystals  from  the  slurry  in  the  flotation  cell.  The 
majority  of  chemicals  used  as  frothers  and  collectors,  therefore, 
will  be  removed  with  the  molybdenite  concentrate  through  each 
flotation  step.  The  concentrate  is  sent  to  the  thickener,  then 
filtered,  dried  and  packaged.  At  this  point,  the  liquid  extract 
from  the  thickener  would  be  recycled  into  the  flotation  process 
(Envirosphere  1984,  Figure  II-8) . The  wastewater  from  the 
flotation  process,  however,  is  likely  to  be  contaminated  by  an 
undetermined  fraction  of  these  chemicals. 

Depressants,  pH  modifiers,  and  flocculants  are  used  either  to 
prevent  other  minerals  from  being  collected,  to  remove  other 
previously  collected  minerals,  or  to  thicken  the  tailings.  The 
majority  of  these  chemicals,  therefore,  are  subject  to  discharge 
unless  they  are  consumed  during  the  process  or  reclaimed  at  the 
tailings  thickener  where  50  percent  of  the  water  is  reclaimed  and 
recycled  to  the  process. 
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Table  2-2.  Mill  Tailings  Solid  Phase  Composition  (mg/kg) 


QUARTZ  HILL 


CRUST8 

b 

c 

ISLAND  . 
COPPER0 

KITSAULTd 

Antimony 

1 

_ . 

<0.002 

_ . 

« _ 

Arsenic 

5 

10.9 

5 

9.3 

Cadmi urn 

0.15 

2.4 

3 

12.9 

Chromium 

200 

10 

-- 

-- 

Coba l t 

23 

-- 

3.3 

-- 

-- 

Copper 

70 

69 

700 

56.1 

Lead 

16 

47 

20 

195 

Manganese 

1,000 

462 

650 

365 

Mercury 

0.5 

<0.05 

0.03 

<1.15 

Molybdenum 

15 

120 

40 

165 

Nickel 

80 

17.7 

20 

4.4 

Selenium 

0.09 

0.10 

-- 

Si Iver 

0.1 

0.13 

-- 

-- 

Vanadi urn 

150 

-- 

17.6 

-- 

-- 

Zinc 

132 

46 

80 

420 

a CRC  1971,  p.  F - 1 63 . 
b Envirosphere  1984,  p.  A 1 1 - 39 . 
c U.  S.  Borax  1984a,  Table  2. 
d U.  S.  Borax  1983a,  pp.  E-13  and  E-18. 
--  Not  available. 


Table  2-3. 

BOCA  DE 
QUADRA 

3 

Mill  Tailings  Liquid  Phase  Composition 

SMEATON  QUARTZ  HILL  ISLAND  COPPER 

BAY  d e f q 

KITSAULT 

Arseni c 

1.93 

6.8 

1.9 

74 

55 

120 

Cadmi urn 

0.064 

0.109 

15 

0.1 

0.2 

3.9 

8 

Chromium 

-- 

-- 

34 

6 

1.4 

4.8 

-- 

Copper 

0.39 

0.49 

5.6 

4 

15 

14 

85 

Lead 

0.016 

-- 

120 

1.1 

4.2 

10 

18 

Mercury 

0.0052 

-- 

1.2 

0.5 

0.2 

0.1 

2.4 

Molybdenum 

10.5 

21.4 

500 

474 

249 

300 

4,300 

Nickel 

0.35 

0.51 

210 

9 

-- 

4.6 

70 

Selenium 

-- 

-- 

6.6 

0.5 

-- 

-- 

<0.01 

Si Iver 

-- 

-- 

7 

0.2 

-- 

-- 

-- 

Zinc 

0.637 

-- 

77 

6 

48 

16 

181 

a Concentration  in  ppb  (ug/l). 

b Ambient  concentrations  (Erickson  and  Stukas  1983,  pp.  1-25). 

c Ambient  concentrations  (Burrell  1983,  Table  7.5). 

d Bench  scale  averages  (Rescan  Environmental  Services  1984,  Table  4)  obtained 
from  cores  across  the  ore-body;  therefore,  these  concentrations  are  probably 
representative  of  a wider  variety  of  ore-type.  Measurements  were  made  prior 
to  2:1  dilution  with  seawater. 

e Pilot  plant  averages  (Rescan  Environmental  Services  1984,  Table  4)  relatively 
fresh  (i.e.,  unoxidized)  bulk  ore  sample  that  should  more  closely  simulate 
actual  plant  scale  operations.  Measurements  were  made  prior  to  2:1  dilution 
with  seawater. 

f U.  S.  Borax  1983a,  pp.  E - 1 4 and  E - 1 9 . 

g Utah  Mines  LTD.  (1986,  Vol.  1,  p.  11).  Maximum  concentration  measured  in 
effluent  during  1985  prior  to  dilution  in  secondary  mixing  tank  shown  in 
F i gure  2-1 . 
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It  appears,  therefore,  that  some  of  the  milling  reagents  are 
not  likely  to  occur  in  large  quantities  in  effluent  while  others 
are  likely  to  be.  The  fate  of  milling  reagents  in  the  flotation 
system  is  poorly  understood  (Davis  et  al.  1976,  p.  1,308;  Poling 
pers.  comm.),  but  it  is  certain  that  some  reagents  will  occur  in 
the  discharge.  The  COD  of  molybdenum  mill  tailings  is  reported 
to  range  as  high  as  91.3  mg/1  (Davis  et  al.  1976,  Table  3).  Table 
2-1  indicates  total  organic  carbon  of  about  19  mg/1,  based  on 
pilot  plant  results.  Rescan  Environmental  Services  (1984,  p.  44) 
estimated  that  half  of  the  reagent  load  will  probably  be 
incorporated  into  the  molybdenite  concentrate.  Of  the  other  half 
discharged  with  the  tailings,  50  percent  will  be  adsorbed  on 
particle  surfaces  and  50  percent  will  be  in  a dissolved  phase. 

It  is  important  to  understand  the  forms  of  the  milling 
reagents  that  could  or  will  enter  the  marine  environment  and 
their  eventual  fate.  Dissolution  of  the  inorganic  constituents 
(lime  and  sodium  silicate)  should  have  no  impact  on  the  highly 
buffered  marine  environment.  However,  it  is  possible  that  large 
amounts  of  some  of  the  organic  material  will  be  discharged,  and 
these  compounds  need  to  be  studied  because  little  is  known  about 
their  associations  and  diagenesis.  Some  of  the  "older"  reagents 
have  not  undergone  bioassay  testing.  Table  2-5  lists  the 
reagents  which  report  to  the  tailings  in  probable  descending 
order  of  daily  mass  loading  to  the  environment.  Even  though  fuel 
oil  reports  to  the  ore  concentrate,  it  also  is  included  in  Table 
2-5  because  loading  data  are  available.  Order  is  based  on  the 
proposed  application  rates  (Table  2-4) . Alternative  reagents  are 
noted;  thereby  indicating  alternative  loading  rates. 

The  largest  single  input  is  from  M-502 ; a quaternary  ammonium 
salt  polymer  of  high  molecular  weight  (1-3  million) . Its 
alternate,  SF330  (M.W.  100,000-500,000),  is  a similar  compound. 
The  specific  nature  of  the  organic  moieties  of  these  compounds  is 
presently  unknown.  These  reagents  are  cationic  polymers  that  act 
as  flocculants  for  particles  not  floated  off  in  the  frothing 
process.  Over  80  percent  of  these  reagents  should  be  associated 
with  solids  in  the  discharge  (Carlson  pers.  comm.).  The 
unassociated  component  is  very  soluble  and  should  have  a high 
degree  of  mobility  in  the  marine  environment.  The  application 
rate  for  M-502  may  be  less  than  that  noted  for  the  pilot  plant 
(Poling  1984,  p.  7),  thus,  the  loading  value  in  Table  2-5  may  be 
conservative . 

Fate  of  either  of  these  two  compounds  is  of  added  importance 
because  of  their  cationic  nature.  Average  96  hr  LC50  values  of 
0.22-50  mg/1  have  been  reported  for  a common  quaternary  ammonium 
salt  (ditallow  dimethyl  ammonium  chloride)  tested  on  oyster 
embryos,  shrimp,  crab,  and  juvenile  fish  in  filtered  seawater 
(Lewis  and  Wee  1983,  p.  111).  LC50  values  during  discharge  of 
mine  tailings  should  be  considerably  higher  because  of  adsorption 
to  suspended  solids.  Lewis  and  Wee  (1983)  reported  that  average 
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Table  2-4.  Proposed  Milling  Reagents  and  Application  Rates3 


APPLICATION 

REAGENT DESCRIPTION USE (M  OL-OREl 


Dcwfroth  250 
or 

Tri-  & tetra propylene 
glycol  methyl  ether 

Frother 

0.007b 

ALFOL  6 

1-te  trade  canol 

Substitute  frother 

0.045° 

M2BC 

Methyl  isobutyl 
carbinol 

Frother 

0.160° 

Fuel  oil 

No.  2 diesel 

Molybdenite  collector 

0.634 

Stepanflote  85L 

Sodium  lauryl  trioxy- 
ethylene  sulfate 

Fro the r/disper sant 
for  the  collector 

0.011 

Lime 

Calcium  oxide 

pH  modifier 

0.134 

Sodium  silicate 
or 
CMC-7 

Si02  and  Na20 

Gangue  depressant 

0.063 

Sodium  car boxy- 
methyl  cellulose 

Substitute  gangue 
depressant 

0.045° 

Nokes  reagent 

45%  phosphorus  penta- 
sulfide  and  56.6% 
sodium  hydroxide 

Cu,  Pb,  and  Fe 
depressant 

0.054 

M-502 

or 

Both  are  quaternary 
ammonium  salt 

Flocculant 

0.199 

SF330 

polymers 

Substitute  flocculant 

0.01° 

Areodri  100 

Dicarboxyl ic 
sulfonate 

Surfactant  drying  agent 

0.0002k 

3 U.  S.  Borax  1984c,  Tables  6 and  7. 

° Rescan  Environmental  Services  1984,  p.  45. 
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LC50  values  for  freshwater  fish  and  zooplankton  tested  in 
sediment-laden  river  water  were  12  and  7 times  greater, 
respectively,  than  the  average  toxicity  values  determined  for  the 
same  species  in  tests  using  high  quality,  filtered  water. 
Formation  of  non-toxic  complexes  with  dissolved  anionic  organic 
materials  should  also  reduce  toxicity  of  M-502  and  SF330 
(Boethling  1984,  p.  1070,  1074).  Little  is  known  about  their 
diagenesis;  SF330  is  known  to  have  high  BOD  (100  mg/g)  and  COD 
(200  mg/g).  M-502  is  reported  to  be  biostatic  (i.e.,  have  little 
BOD)  and  have  a COD  of  220  mg/g  (Hart  pers.  comm.).  Due  to  their 
labile  chemical  configuration,  microbial  degradation  should  take 
place.  However,  chemical  degradation  and  mechanical  breakage  of 
the  polymer  could  result  in  the  release  of  soluble  cationic 
quaternary  ammonium  salt  groups  and  increase  their  toxicity 
(Boethling  1984,  p.  1071).  The  toxicity  of  degradation  products 
apparently  depends  on  the  specific  nature  of  the  parent  compound, 
which  is  presently  unknown.  How  much  of  the  total  loading  will 
be  available  to  degradation  is  speculation  due  to  rapid  burial  of 
some  of  the  adsorbed  fraction  in  zones  of  active  deposition  and 
to  complex  folding  of  these  huge  molecules,  making  access  to  some 
parts  difficult.  More  information  is  needed  on  the  environmental 
fate  of  these  two  compounds. 

CMC-7  (sodium  carboxymethyl  cellulose) , if  used,  adsorbs 
preferentially  to  silicate  minerals  and  may  occur  in  the 
effluent.  Eventual  breakdown  into  simple  sugars  should  occur  in 
both  aerobic  and  anaerobic  conditions,  although  the  time  scale  is 
impossible  to  estimate.  Although  a high  BOD  is  associated  with 
this  chemical,  degradation  is  difficult  (Read  and  Manser  1976,  p. 
246)  . 


Frother  compounds  are  likely  to  occur  only  as  minor 
contaminants  in  the  effluent  since  they  will  either  report  to  the 
ore  concentrate  or  may  be  recycled  in  the  water  reclaimed  from 
the  ore  thickener  or  tailings  thickener.  MIBC  (methyl  isobutyl 
carbinol)  and  ALFOL-6  (1-tetradecanol)  are  likely  to  undergo 
rapid  degradation.  MIBC  also  may  rapidly  evaporate  in  the 
flotation  cells  (Poling  1984,  p.  3).  The  non-toxic  nature  of 
these  two  aliphatic,  relatively  insoluble  alcohols  and  their 
breakdown  products  suggest  that  there  will  be  no  substantial 
impacts  from  discharge  other  than  to  contribute  to  BOD.  Dowfroth 
250  is  generally  considered  nonbiodegradable  (Read  and  Manser 
1976,  p.  246) . 

Stepanflote  85L  is  used  to  help  emulsify  the  fuel  oil  used  as 
a collector.  In  tests  at  other  molybdenum  mines,  over  99  percent 
of  the  fuel  oil  is  retained  in  the  molybdenite  concentrate  (U.S. 
Borax  1983b,  p.  8-40) . Based  on  the  proposed  application  rate 
(Table  2-4),  this  would  result  in  0.015  mg/1  in  the  effluent.  At 
Island  Copper,  concentrations  of  fuel  oil  in  the  effluent  were 
around  0.01  mg/1  (U.  S.  Borax  1983b,  p.  8-40).  Roughly  60-70 
percent  of  this  will  be  associated  with  solids  in  the  tailings. 
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While  mass  loading  at  this  concentration  is  very  small  (2.2 
kg/day) , fuel  oil  is  very  toxic,  and  every  measure  should  be 
taken  to  minimize  the  discharge  of  this  substance. 

Nokes  reagent  is  an  inorganic  constituent  that  reacts  with 
water  to  form  thiophosphate  and  hydrosulfide  ions  at  the  pH  of 
the  flotation  process.  The  pH  has  a major  impact  on  the 
equilibrium  between  H^S  and  the  hydrosulfide  ion.  H^S  is  very 
toxic  to  marine  organisms  and  is  highly  soluble.  The  reactive 
minerals  in  the  tailings  will  precipitate  out  most  of  the  H2S  as 
insoluble  sulfide.  The  amount  of  dissolved  H2S  or  hydrosulfide 
ion  remaining  in  the  discharge  is  speculative  due  to  the  complex 
kinetics  of  the  reaction  series.  H2S  in  the  presence  of  oxygen 
oxidizes  at  a fast  rate  to  less  toxic  sulfate.  The  oxidized 
forms,  however,  are  ineffective  as  flotation  depressants,  and 
some  milling  plants  sparge  cells  with  inert  gas  rather  than  air 
(Poling  1984,  p.  6).  It  is  not  determined  what  practice  will  be 
used  by  U.  S.  Borax  (Reim  pers.  comm.),  therefore,  it  is  not 
clear  whether  significant  oxidation  of  the  hydrosulfide  ion  or 
H2S  will  occur  in  the  flotation  cells  prior  to  discharge. 

Aeration  of  the  thickeners  or  the  effluent  prior  to  discharge 
should  remove  much  of  the  potential  toxicity  of  the  sulfides,  but 
treatment  should  be  designed  such  that  air  bubbles  do  not  occur 
in  the  effluent  at  the  outfall. 

E.V.S.  Consultants  (1984a)  conducted  chemical  analyses  of  the 
pilot  plant  tailings  (prior  to  dilution  with  seawater;  see  Table 
2-3)  used  in  bioassay  tests.  The  analyses  included  gas 
chromatography/mass  spectrometer  screening  for  EPA  organic 
priority  pollutants.  The  priority  pollutant  screening  for  base- 
neutral,  pesticide,  and  polycyclic  aromatic  hydrocarbon  compounds 
detected  no  priority  pollutants  at  a general  detection  limit  of 
12  ug/1  (ppb) . This  detection  limit  is  too  high  for  pesticides 
but  should  be  adequate  for  detecting  other  potentially  toxic 
organic  compounds  contributed  by  the  addition  of  milling 
chemicals.  The  only  organic  compound  detected  in  the  priority 
pollutant  analyses  proved  to  be  a long-chain  alcohol  (2,5,8,11- 
tetraoxatetradecan-13-ol , 4 , 7 , 10-trimethyl)  that  is  not  a listed 
priority  pollutant.  A semi-quantitative  analysis  determined  the 
concentration  to  be  on  the  order  of  50-100  ppb.  Failure  to 
detect  diesel  fuel-related  compounds  (i.e.,  naphthalene  and 
phenanthrene)  is  not  conclusive  at  the  12  ppb  level.  These  are 
minor  constituents  of  diesel  fuel,  a complex  mixture  that  is 
expected  to  reach  concentrations  of  around  10-15  ppb  in  the 
effluent  (of  which  30-40  percent  will  be  dissolved) . No  reagent 
standards  were  run  by  E.V.S.  Consultants  to  compare  to  the 
tailings  analysis  and  allow  identification  of  any  reagents 
present  with  the  tailings.  It  is  not  known  if  any  other  tests 
have  been  done  on  the  pilot  plant  effluent  for  organic 
pollutants,  including  fuel  oil  constituents. 
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Miscellaneous  Effluent  Constituents 


Boca  de  Quadra.  Domestic  sewage  from  the  Tunnel  Creek 
housing  facility  will  be  discharged  with  the  mill  tailings  if  the 
discharge  of  tailings  is  directed  to  Boca  de  Quadra.  The  sewage 
will  receive  secondary  treatment  and  chlorination.  The  sewage 
discharge  (0.0013  m3/sec  [0.0288  mgd])  represents  <0.1  percent  of 
the  total  discharge;  therefore,  constituents  in  the  sewage  will 
be  diluted  >1,000:1  by  the  tailings  prior  to  mixing  and 
discharge.  Thus,  if  the  sewage  effluent  BOD  is  30  mg/1,  the 
contribution  to  the  total  BOD  of  the  tailings  will  be  0.03  mg/1. 
This  additional  BOD  concentration  will  be  further  reduced  by 
predilution  in  the  mixing  tanks,  and  is  not  expected  to  cause 
adverse  impacts  in  Boca  de  Quadra. 

If  discharge  of  tailings  is  directed  to  Boca  de  Quadra, 

0.13  m3/sec  (2.88  mgd)  of  tunnel  drainage  will  be  discharged  with 
the  tailings.  This  drainage  is  expected  to  consist  of 
uncontaminated  groundwater.  Dissolved  oxygen  concentration  of 
groundwater  discharge  is  not  known;  however,  predilution  with 
seawater  in  the  mixing  tanks  is  expected  to  minimize  potential  DO 
problems  as  well  as  reduce  tendency  for  development  of  a 
positively  bouyant  freshwater  plume.  No  impacts  are  expected  to 
result  from  this  discharge. 

Wilson  Arm.  No  additional  effluents  will  be  disposed  of 
through  the  mill  tailings  outfall  to  Wilson  Arm.  Sewage  and 
other  wastewaters  will  be  discharged  through  the  marine  terminal 
wastewater  outfall. 


Marine  Terminal  Wastewater  Outfall  Characteristics 


The  marine  terminal  wastewater  outfall  will  discharge  treated 
sanitary  sewage  from  the  marine  terminal  and  Tunnel  Creek  package 
treatment  plants,  treated  equipment  washdown  water  from  the  fuel 
oil  storage  area  and  marine  terminal  facility,  and  stormwater 
runoff  from  the  terminal  and  fuel  oil  storage  areas. 

The  outfall  will  be  located  at  a depth  of  6m  (20  ft) 
approximately  55  m (180  ft)  from  shore  in  the  southern  half  of 
the  marine  terminal  facility. 


Marine  Terminal  Wastewater  Effluent  Composition 


Treatment  Process 


Sewage  from  the  power  plant  (1  gpm) , Tunnel  Creek  camp  (16 
gpm) , ore  process  area  (1  gpm),  and  administration  and  service 
warehouse  buildings  (2  gpm)  will  undergo  secondary  (activated 
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sludge)  treatment  and  chlorination  at  the  Tunnel  Creek  package 
sewage  treatment  plant  (U.S.  Borax  1985)  . Sewage  from  the  marine 
terminal  facility  (3  gpm)  will  also  be  treated  in  this  manner  at 
a second  package  plant.  The  activated  sludge  process  uses 
bacteria  to  consume  organics  while  the  wastewater  is  vigorously 
aerated.  If  properly  designed,  operated,  and  maintained,  package 
plants  using  this  process  can  provide  good  quality  secondary 
effluent,  and  impacts  to  biota  in  Wilson  Arm  are  not  expected 
outside  the  mixing  zone. 

Equipment  washdown  water  from  the  fuel  oil  storage  area  and 
marine  terminal  facility  will  be  treated  in  a conventional 
oil/water  separator  prior  to  discharge.  A stormwater  retention 
pond  will  be  provided  to  remove  the  majority  of  suspended  solids 
from  surface  runoff  from  the  marine  terminal  and  fuel  oil  storage 
areas. 

Physical  Characteristics 

The  average  daily  volume  of  domestic  sewage  will  be 
approximately  33,000  gal/d  (23  gpm),  and  the  volume  of  washdown 
water  will  be  approximately  5,800  gal/d  (4  gpm)  (U.S.  Borax  1985, 
Water  Flow  Schematic) . The  volume  of  stormwater  runoff  will  vary 
significantly,  with  highest  flows  occurring  from  May  to  October. 
The  wet  climate  results  in  an  estimated  average  daily  stormwater 
runoff  discharge  of  205,000  gal/d  (142  gpm)  and  an  estimated 
maximum  of  3.1  mgd.  Thus,  the  wastewater  outfall  is  expected  to 
discharge  an  average  of  0.24  mgd,  with  a maximum  of  3.1  mgd. 

Other  physical  characteristics  of  the  effluent  are  summarized  in 
Table  2-6. 

Chemical  Composition 

The  chemical  constituents  expected  in  the  effluent  (as 
reported  by  U.S.  Borax  1985)  are  summarized  in  Table  2-7.  Most 
of  these  constituents  are  associated  with  the  sewage.  As  a 
result,  the  concentrations  of  these  constituents  depend  on  the 
degree  of  dilution  with  stormwater  runoff.  The  maximum  values 
noted  for  effluent  in  Table  2-7  represents  concentration  during 
periods  of  no  stormwater  flow  (i.e.,  a discharge  volume  of  about 
39,000  gal/d).  Most  of  the  heavy  metal  loading  is  derived  from 
the  natural  metal  levels  in  raw  water  from  the  project  area  (U.S. 
Borax  198  5)  , thus,  the  major  pollutant  constituents  in  the  sewage 
fraction  of  the  effluent  are  suspended  solids,  oil  and  grease, 
BOD,  ammonia,  and  chlorine.  Equipment  washdown  water  and  storm 
runoff  are  expected  to  add  to  suspended  solid  and  oil  and  grease 
loading. 

Assuming  a discharge  of  39,000  gal/d  (i.e.,  no  stormwater 
runoff) , the  daily  BOD  in  the  upper  water  column  of  Wilson  Arm 
will  be  5.6  x 106  g 02 , based  on  a maximum  B0D5  of  45  mg/1. 
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Table  2-6.  General  Characteristics  of  Marine  Terminal 


Wastewater 

Effluent 

EFFLUENT® 

SMEATON  BAY 

AVERAGE 

RANGE 

pH 

— 

6-9 

to 

1 

CO 

CO 

O' 

Summer 

temperature,  °C 

13 

12-21 

12-21b 

Winter 

temperature,  °C 

1.7 

0-21 

5-12c 

Total 

suspended  solids,  mg/1 

30 

15-45 

5d 

* U.S.  Borax  1985. 
b VTN  1981b,  pp.  6-11. 

® Nebert  1985 

d Maximum  value,  usually  <1.0  mg/1  (Burrell  1983,  p.  11, 
Figures  3.9-3.10). 


Table  2-7.  Chemical  Constituents  in  Marine  Terminal 
Wastewater 

EFFLUENT®  SMEATON  BAYb 


Ammonia,  mg/1 

AVERAGE 

2.1 

JiAXimJH 

15 

BODj,  mg/1 

14 

45 

— 

Oil  and  grease,  mg/1 

5 

15 

— 

Aluminum,  ug/1 

7.8 

110 

— 

Arsenic,  ug/1 

2 

29 

— 

Copper,  ug/1 

0 

9 

0.49 

Lead,  ug/1 

4 

46 

— 

Mercury,  ug/1 

0.3 

4.6 

— 

Selenium,  ug/1 

0.8 

11.5 

— 

Zinc,  ug/1 

4.7 

78.1 

— 

® U.S.  Borax  1985. 
b From  Table  2-3. 
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Similar  assumptions  result  in  a daily  ammonia  loading  of  1.9  x 
106  g.  These  are  likely  to  be  readily  diluted  in  the  mixing  zone 
(Section  8) , and  no  adverse  effects  on  biota  are  expected. 

Two  probable  constituents  in  the  wastewater  effluent  that  are 
of  potential  concern  in  the  nearfield  are  chlorine  and  dissolved 
petroleum  hydrocarbon  compounds.  Chlorinated  wastewater  has  been 
shown  to  be  hazardous  to  anadromous  fish  species;  EPA  (50  FR 
30788  29  July  1985)  established  a criterion  of  a 4-day  average 
concentration  of  chlorine-produced  oxidants  not  to  exceed  7.5 
ug/1  more  than  once  in  3 years.  The  concentration  of  chlorine  in 
secondary  treated  effluent  depends  on  a number  of  important 
factors  and  is  often  highly  variable  over  short  periods  of  time. 
Important  factors  include:  the  design  of  the  facility,  the  point 

in  treatment  at  which  chlorination  occurs,  the  amount  of  chlorine 
used,  and  operational  status  of  the  plant.  Insufficient 
information  exists  to  characterize  the  chlorine  content  of  the 
marine  terminal  wastewater  effluent.  Dechlorination  prior  to 
discharge  would  eliminate  this  potential  hazard. 

It  is  possible  that  water  soluble  fractions  of  fuel  oil  could 
occur  in  the  effluent  since  equipment  washdown  water  and 
stormwater  runoff  from  fuel  oil  storage  and  the  marine  terminal 
areas  are  included  in  the  discharge.  Conventional  oil  and  grease 
treatment  will  not  effectively  remove  the  dissolved  hydrocarbon 
constituents,  although  it  is  possible  some  adsorption  and 
settling  with  solids  would  occur  in  the  stormwater  retention 
pond.  Insufficient  information  exists  to  estimate  the 
concentration  of  water  soluble  petroleum  fractions  in  the 
effluent. 
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Section  3 


TRANSPORT,  DEPOSITION,  AND  PERSISTENCE  OF  TAILINGS 


Summary 

Two  alternative  discharge  locations  are  being  considered 
in  Boca  de  Quadra:  an  inner  basin  and  a middle  basin  discharge. 
With  inner  basin  discharge,  approximately  148  million  and  1,343 
million  tons  of  tailings  would  be  discharged  to  the  inner  and 
middle  basins  respectively.  Discharge  to  the  inner  basin  would 
convert  the  inner  basin  into  a relatively  shallow  embayment. 
Discharge  to  either  basin  would  have  little  impact  on  the 
physical  fjord-like  character  of  the  middle  basin.  Discharge 
to  tne  middle  basin  would  nave  minimal  impact  on  the  inner  and 
outer  basins. 

In  Smeaton  Bay,  tailings  would  be  discharged  to  the 
eastern  shoreline  of  Wilson  Arm.  The  volume  of  tailings  is 
large  enough  in  relation  to  the  basin  that  it  would  convert 
Smeaton  Bay  from  a deep  basin-and-sill  fjord  to  a basin-less 
system. 

The  behavior  of  discharged  tailings  has  been  predicted 
based  on  observations  at  Island  Copper  Mine,  which  has 
discharged  continuously  for  about  17  years  into  a fjord  (Rupert 
Inlet)  near  the  north  end  of  Vancouver  Island,  and  by 
mathematical  and  laboratory  modeling.  In  the  near  field  (at 
distances  100  m),  laboratory  experiments  show  that  under 
steady-state  conditions  it  is  possible  to  maintain  a slurry 
that  does  not  generate  clouds  of  fine  sediments. 

In  the  far  field,  a continual  source  and  flux  of  fine 
materials  into  fjord  waters  will  occur  from  the  discharge,  from 
turbidity  currents,  and  from  slumping  of  tailings.  Most  fine 
materials  should  not  extend  above  outfall  depth.  Within  15-20 
m of  the  seabed,  concentrations  of  fines  would  typically  range 
from  200-2,000  mg/l  just  above  zones  of  active  tailings  flow 
based  on  Rupert  Inlet. 

The  predominant  sources  of  suspended  fines  are  expected  to 
be  slumping  events  or  similar  large  scale  (mass  movement) 
changes  in  deposition  patterns.  If  an  inner  basin  discharge  is 
used,  tailings  discharge  and  associated  introduction  of 
suspended  particulates  in  Boca  de  Quadra  will  be  confined  to 
the  inner  basin  in  early  years.  After  10-14  years  of 
operation,  the  inner  basin  will  be  filled  to  the  sill  depth  and 
significant  amounts  of  material  will  be  transported  over  the 
sill  to  the  middle  basin.  For  the  remaining  41-45  years  of 
operation,  source  areas  for  suspended  sediments  will  occur  in 
the  middle  basin,  moving  downfjord  toward  Kite  Island  sill. 

Most  deposits  and  therefore 
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most  mass  movement  events  will  be  below  80  m ( 2b0  ft)  in  the 
inner  basin  and  150  m (490  ft)  in  the  middle  basin.  The  middle 
basin  appears  to  have  sufficient  grade  to  maintain  coherence  of 
the  tailings  density  current  leaving  the  outfall. 

Discharge  to  Smeaton  Bay  would  result  in  progressive  mass 
movement  along  the  length  of  the  fjord.  Introduction  of 
suspended  particulates  will  occur  at  gradually  shallower  depths 
as  the  fjord  is  filled. 

Uncertainties  exist  concerning  the  equilibrium  slope  for 
tailings  over  time  in  the  few  kilometers  surrounding  the 
outfall.  The  slope  may  result  in  tailings  pile-up  at  the 
outfall  with  backfill  occurring  into  Wilson  Arm  before  flowing 
(if  ever)  over  the  sill  into  Behm  Canal.  In  the  later  years  of 
mining  operations,  if  the  tailings  do  not  behave  entirely  as 
predicted,  there  is  a risk  they  would  deposit  on  the  toe  of  the 
estuary. 

A fjord  circulation  model  has  been  developed  to  project 
the  transport  of  suspended  solids.  The  model  for  Boca  de 
Quadra  suggests  that  an  inner  basin  discharge  would  produce 
higher  concentrations  of  suspended  materials  at  shallower 
depths  in  the  inner  basin  than  a middle  basin  discharge.  A 
discharge  to  the  inner  basin  would  also  elevate  suspended 
sediment  concentrations  to  within  the  normal  range  of  the 
pycnocline  in  the  inner  basin  more  than  would  a middle  basin 
discharge.  A middle  basin  discharge  would  result  in  increased 
sedimentation  rates  (4-15  cm/yr)  in  the  inner  basin.  Discharge 
into  either  basin  of  Boca  de  Quadra  would  increase 
concentrations  of  suspended  particulates  upf jord  of  the  Kite 
Island  sill.  Tne  Kite  Island  sill  will  inhibit  seaward 
migration  of  most  suspended  materials;  however,  EPA  modeling 
indicates  suspended  materials  will  enter  the  outer  basin. 

A fjord  circulation  model  has  also  been  applied  to  Smeaton 
Bay.  The  system  is  simpler  because  the  entire  bay  above  the 
depth  of  the  outer  sill  has  free  communication  with  the  waters 
of  Behm  Canal.  Because  of  the  freer  communication  with  coastal 
waters,  suspended  sediments  in  Smeaton  Bay  are  less  likely  to 
reach  the  shallower  depths  expected  in  Boca  de  Quadra  because 
they  are  more  likely  to  flush  out  into  Behm  Canal.  Fjord 
modeling  predicts  outward  transport  of  suspended  fines  across 
the  outer  sill  into  Behm  Canal.  The  ultimate  fate  of  sediments 
leaving  Smeaton  Bay  cannot  be  predicted.  They  are  likely  to  be 
rapidly  diluted  and  dispersed  if  the  prediction  on  suspended 
fines  moving  over  the  outer  sill  is  correct. 

The  amount  of  energy  necessary  to  vertically  transport 
fine  suspended  solids  from  near  bottom  water  to  higher 
elevations  can  be  calculated  from  salinity,  temperature,  and 
density  data 
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collected  in  the  two  fjord  systems.  Comparison  between  the  fjord 
systems  can  be  made  on  a seasonal  basis  and  between  pre-  and 
post-discharge  conditions.  The  calculations  indicate 
proportionately  large  decreases  in  required  energy  for  the  inner 
basin  of  Boca  de  Quadra,  small  decreases  for  the  middle  basin  of 
Boca  de  Quadra,  and  intermediate  decreases  for  Wilson  Arm  and 
Smeaton  Bay. 

At  project  completion,  circulation  in  Smeaton  Bay  will  be 
affected.  There  will  be  no  retention  and  slow  mixing  of  dense 
water  brought  in  during  summer  deepwater  renewal.  Consequently, 
density-driven  winter  currents  will  not  exist,  and  wind  and 
runoff  will  be  of  increased  importance  in  determining 
circulation. 


Introduction 


This  section  concerns  the  physical  aspects  of  mill  tailings 
disposal  in  Boca  de  Quadra  and  Smeaton  Bay  fjords,  located  in 
southeast  Alaska.  The  purpose  of  this  section  is  to  obtain 
sufficient  understanding  of  how  the  discharge  will  behave  (i.e., 
its  dilution  and  dispersion)  in  order  to  assess  the  resulting 
biological  consequences  (Sections  5,  6 and  8) . Listed  below  are 
some  of  the  concerns  which  are  addressed  in  this  section: 

1)  Will  discharged  mill  tailings  remain  within  the  fjord? 

2)  How  do  discharges  into  the  middle  basin  or  inner  basin 
of  Boca  de  Quadra  compare  to  discharge  into  Smeaton  Bay 
with  regard  to  impacts  on  the  bottom  and  within  the 
euphotic  zone? 

3)  What  are  the  depths  below  which  the  bulk  of  suspended 
sediments  will  be  confined? 

4)  How  will  oceanographic  conditions  change  as  a result  of 
tailings  deposition? 

Boca  de  Quadra  is  a deep,  multi-silled  fjord  which  extends 
about  57  km  (35.5  mi)  from  its  outermost  sill  in  Revillagigedo 
Channel  to  its  head  at  the  Keta  River  estuary  (Figure  2-2)  . Four 
smaller  side  arms  (Badger  Bay/Weasel  Cove,  Vixen  Bay,  Mink  Bay, 
and  Marten  Arm)  extend  from  the  middle  reach  of  Boca  de  Quadra. 
Seaward  of  the  Keta  River  are  three  sill-separated  basins:  the 

inner  basin,  the  middle  basin,  and  the  outer  basin.  Figure  3-1 
shows  longitudinal  bathymetry  of  Boca  de  Quadra  fjord.  The 
depths  of  the  major  bathymetric  features  are  presented  in  Table 
3-1. 
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[ 


Note:  Maximum  basin  and  sill  depths  may  differ  from  this  longitudinal 

section  (Table  3-1). 


BOCA  DE  QUADRA  LONGITUDINAL  BATHYMETRIC 
SECTION 


SOURCE:  Burrell  1983 
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Table  3-1 

. Boca  de 

Quadra  Fjord 

Characteristics 

BASIN 

LENGTH 

(km) 

SILL3 
DEPTH 
( m) 

MAXIMUM 

BASIN 

DEPTH 

(m) 

BELOW  SILL-DEPTH  VOLUME 

VOLUME5 
(million  m3) 

Outer 

22 

85 

375 

Middle 

27 

95 

400 

4,300 

Inner 

8 

110 

170 

100 

3 Maximum  depth 
b Ryan  1983,  pp. 

in  channels 
13  and  18. 

across  the 

sill. 
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The  Smeaton  Bay  fjord  consists  of  one  main  basin  that  extends 
from  the  outer  sill  (130  m [430  ft]  depth)  to  the  shoaling  at  the 
confluence  of  Wilson  and  Bakewell  Arms  (Figure  2-3) . Both  arms 
shoal  gradually  from  a small  sill  (150  m [490  ft])  at  their  mouth 
to  their  respective  heads.  The  main  basin  of  Smeaton  Bay  is 
split  by  a relatively  deep  sill  (200  m [656  ft]).  The 
longitudinal  bathymetry  for  Smeaton  Bay  extending  from  Behm  Canal 
into  Wilson  Arm  is  shown  in  Figure  3-2.  The  depths  of  the  major 
bathymetric  features  are  presented  in  Table  3-2. 


Impact  of  Tailings  Discharge  on  Fiord  Bathymetry 


Boca  de  Quadra 

Two  alternatives  for  discharge  locations  in  Boca  de  Quadra 
are  under  consideration:  a discharge  into  the  inner  basin  and  a 

discharge  into  the  middle  basin.  Because  either  alternative  has 
most  (71-100  percent)  of  the  discharged  material  accumulating  in 
the  middle  basin,  the  discussion  in  this  section  focuses  on 
impacts  of  the  two  alternatives  on  the  inner  basin.  For  purposes 
of  this  discussion,  the  density  of  deposited  mill  tailings  (at 
typical  deposition  depths)  is  assumed  to  be  1.59  g/cm3 (100 
lbs/ft3) . This  number  represents  the  average  compacted  density 
of  sediments  deposited  at  depths  in  excess  of  50  m (160  ft) . The 
tests  to  determine  the  compacted  density  of  tailings  were 
performed  at  the  University  of  British  Columbia  (Rescan 
Environmental  Services,  1984)  on  two  samples  obtained  from  pilot 
plant  tests.  Earlier  reports  on  deposited  tailings  had  assumed 
1.14  g/cm3  (71.5  lbs/ft3)  for  the  in  situ  density.  For  the 
studies  of  tailings  disposal  in  Boca  de  Quadra  the  difference  in 
density  is  insignificant. 

For  a discharge  into  the  inner  basin  at  an  average  rate  of 
60,000  t/day  at  a specific  gravity  of  1.47,  the  inner  basin  would 
be  filled  to  the  depth  of  the  sill  separating  it  from  the  middle 
basin  after  a period  of  10-14  years.  For  the  remaining  41-45  yrs 
of  operation,  the  discharged  material  would  settle  into  the 
middle  basin  of  Boca  de  Quadra.  Figure  3-3  illustrates  the 
deposition  patterns  during  several  stages  of  mining  operation. 

By  the  end  of  the  project,  approximately  284  million  metric 
tons  (306  million  tons)  of  tailings  will  have  been  deposited  in 
the  inner  basin  and  1.05  billion  metric  tons  (1.13  billion  tons) 
in  the  middle  basin.  Assuming  a consolidated  tailings  density  of 
1.59  g/cm3  (100  lb/ft3),  the  following  decreases  in  basin  volumes 
(below  the  depth  of  the  sill)  can  be  expected: 
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SMEATON  BAY  LONGITUDINAL  BATHYMETRIC  SECTION 


SOURCE:  Burrell  1983,  Figure  1-4 
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Table  3-2. 

Smeaton  Bay 

Fj  ord 

Characteristics 

LENGTH 

(km) 

SILL 
DEPTH 
. (m) 

MAXIMUM 

DEPTH 

(m) 

BELOW-SILL 
VOLUME 
(106  nr3) 

Smeaton  Baya 

20 

— 

295 

777b 

Outer  Sill 

— 

13  0b 

— 

— 

Minor  Sill 

— 

~200 

— 

— 

Wilson  Arm 

9 

150 

160 

— 

a Including  Wilson 

and  Bakewell 

Arms. 

U.S.  Borax  1986 
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Tl»«:  10  Years 


Time:  25  Years 


Tiat:  55  Years 


LONGITUDINAL  CROSS-SECTION  OF  PREDICTED 
TAILINGS  DEPOSITION  IN  BOCA  DE  QUADRA 


FIGURE 

3-3 


SOURCE:  Ryan  1985a 
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Pre-operational 

Below 

Sill  Volume 
(million  m8) 


Volume 
of  Tailings 
(million  m8) 


Below  Sill 
Percent 
Decrease 


Inner  (10-14  years) 
Middle  (55  years) 


100 
4 , 300 


180 

665 


100 

15 


Thus,  the  inner  basin  discharge  would  eliminate  the  basin- 
and-sill  configuration  of  the  inner  basin;  however,  discharge  to 
either  basin  would  have  little  impact  on  the  basin-and-sill 
character  of  the  middle  basin.  Direct  discharge  to  the  middle 
basin  would  decrease  below-sill  capacity  of  the  middle  basin  by 
20  percent. 

Smeaton  Bay 

Mill  tailings  would  be  discharged  into  Wilson  Arm  at  a depth 
of  46  m (150  ft)  at  a location  along  the  eastern  shoreline 
approximately  4.1  km  (2.6  mi)  from  the  fjord  head.  For  discharge 
to  Boca  de  Quadra,  the  density  of  tailings  was  not  important  to 
calculation  of  deposit  volume.  An  important  factor  to  consider 
in  evaluating  Smeaton  Bay  discharge  is  the  relationship  of  below- 
sill  volume  (7.8  x 108  nr)  to  tailings  solids  volume.  The 
density  current/sedimentation  model  (Findikakis  1985)  may 
underestimate  the  volume  the  tailings  discharge  will  occupy  in 
the  marine  environment  in  two  ways.  First,  the  assumption  on 
tailings  dry  densities  used  in  the  model  are  based  on  tests 
reported  by  Rescan  Environmental  Services  (1984,  Appendix  A)  on 
two  Quartz  Hill  pilot  plant  tailings  samples.  Uncompacted  dry 
densities  (4  days  settlement)  for  saltwater  solution  samples 
ranged  from  57-61  lb/ft8,  significantly  less  than  71.3  lb/ft3 
used  for  the  initial  dry  density  in  the  model.  This  could  result 
in  the  underestimation  of  the  volumes  of  surface  layer  and 
shallow  deposits.  Second,  the  saltwater  solution  samples 
occupied  approximately  5 percent  greater  volume  after  initial 
settlement  than  freshwater  solution  samples.  The  volume  increase 
after  compaction  has  not  been  determined.  Increases  in  total 
volume  of  deposited  tailings  on  the  order  of  5 percent  over  those 
predicted  in  the  model  are  possible.  Assuming  a density  of  100 
lb/ft8,  Rescan  Environmental  Services  (1984,  p.  61)  calculated  a 
tailings  volume  of  8.5  x 108  m8 . This  value  is  9 percent  greater 
than  the  below-sill  volume,  but  it  does  not  include  the  volume  of 
tailings  that  occur  in  the  pile  above  the  plane  of  the  sill  in 
Wilson  Arm  and  the  upper  reach  of  Smeaton  Bay.  Any  increases 
over  predicted  volumes  or  an  error  in  the  predictions  in  the 
sedimentation  model  could  result  in  the  overfilling  of  Smeaton 
Bay. 


38 


The  feasibility  study  (Findikakis  1985)  for  a discharge 
located  in  Wilson  Arm  used  the  following  assumptions: 

o A discharge  rate  of  40,000  t/d  for  the  first  5 yrs 

of  operation  and  80,000  t/d  for  the  remaining  50  yrs. 

o The  average  in  situ  density  of  sediments  was 

100  lb/ft3.  A curve  derived  by  Rescan  Environmental 
Services  (1984)  describing  the  density  of  compacted 
sediments  as  a function  of  depth  was  used  for  the  actual 
calculations.  This  was  done  in  the  calculations  in  lieu 
of  using  a time-varying  compaction  in  which  increased 
deposition  on  top  of  previously  deposited  sediments 
would  increase  compaction. 

o The  model  used  the  best  available  cross-section  of  the 
bathymetry  to  estimate  volumes.  The  bathymetry  was 
from  a NOAA  survey  in  1982. 

Based  on  these  assumptions,  the  Wilson  Arm  basin  would  fill  to 
its  sill  depth  in  about  4 years.  The  discharge  would  then  begin 
to  fill  up  the  inner  "basin"  of  Smeaton  Bay.  By  year  12,  the 
leading  edge  of  deposited  tailings  would  have  reached  the  base  of 
the  deep  middle  sill.  In  about  year  20  of  operations,  the 
tailings  would  have  filled  the  inner  "basin"  to  a depth  of  the 
sill  and  subsequent  tailings  would  penetrate  to  the  outer  "basin" 
of  Smeaton  Bay.  By  year  34,  there  would  be  a uniform  slope  of 
tailings  from  the  source  to  about  two  thirds  the  way  up  the  sill 
separating  Smeaton  Bay  from  Behm  Canal.  By  the  end  of  55  years  of 
anticipated  mine  operations,  the  tailings  would  have  risen  to 
within  45  m (150  ft)  of  the  top  of  the  outer  sill.  Thus, 
discharge  to  Wilson  Arm  would  convert  Smeaton  Bay  from  a basin- 
and-sill  fjord  system  to  a bay-like  system.  This  progressive 
filling  process  is  shown  in  Figure  3-4. 


General  Description  of  Tailings  Behavior 

The  mill  tailings  are  primarily  quartz  with  a density  of 
about  2 . 65  g/cm3 . They  are  ground  and  mixed  with  water  and 
flotants  to  achieve  densities  between  1.332  and  1.452  g/cm3 
(Section  2) . This  mixture,  of  approximately  equal  weights  of 
water  and  quartz,  is  pumped  or  gravity-fed  from  the  thickeners  to 
the  fjord  where  it  is  then  further  diluted  before  discharge  into 
the  marine  environment.  These  dilutions  range  from  1:1  to  1:4  by 
volume  with  seawater  before  final  discharge.  Thus,  densities  of 
effluent  entering  the  marine  environment  could  range  from  a high 
of  1.202  g/cm3  to  a low  of  1.075  g/cm3.  By  the  time  the  slurry 
leaves  the  near  field,  it  will  have  been  further  diluted  by 
entrainment  of  ambient  water,  thus,  bringing  the  density  near 
that  of  the  ambient  seawater  (1.026  g/cm3). 
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LONGITUDINAL  CROSS-SECTION  OF  PREDICTED  TAILINGS 
DEPOSITION  IN  SMEATON  BAY 


SOURCE:  Ryan  1985b 


FIGURE 
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This  range  of  discharge  slurry  densities  agrees  with 
estimates  made  by  Komar  (1977)  of  densities  of  natural  slump  and 
mud  flows.  He  points  out  that,  for  sand-sized  sediments  in  the 
slurry,  a flow  with  a density  greater  than  1.4  g/cm3  would  not  be 
able  to  overcome  the  bottom  friction  and  would  therefore  lose 
momentum  rapidly  and  not  propagate  over  large  horizontal 
distances.  This  number  appears  to  be  a practical  limit  above 
which  sediments  would  not  maintain  enough  momentum  to  continually 
move  away  from  the  discharge.  If  the  slurry  density  is  too  low, 
it  will  tend  to  mix  too  rapidly  with  ambient  water. 

Unfortunately,  it  is  not  easy  to  define  a lower  limit.  Rivers 
have  reached  concentrations  of  1.06  g/cm3  before  the  particulate 
concentrations  within  the  water  affected  the  river  flow  (Lane 
1940).  Thus,  a range  of  1.06-1.4  g/cm3  may  be  required  bounds 
for  maintaining  a coherent  density  flow. 

The  nearfield  behavior  of  a prediluted  jet  of  discharged 
tailings  is  strongly  influenced  by  the  bottom  slope.  The  jet  is 
also  influenced  to  a lesser  degree  by  the  orientation  of  the 
outfall  and  exit  velocity  (Table  3-3) . As  the  jet  moves  away 
from  the  discharge  pipe,  entrainment  processes  mix  additional 
seawater  into  the  plume  (Figure  3-5) . The  jet  increases  in 
cross-sectional  area  and  decreases  in  velocity  with  distance  from 
the  source.  There  is  little  deposition  in  the  nearfield  region 
(Findikakis  1983,  p.  12).  After  approximately  60-100  m (200-330 
ft)  of  travel,  ambient  oceanographic  conditions  begin  to  exert  an 
influence  on  the  discharged  material.  The  region  where  the 
oceanographic  conditions  become  important  is  called  the  far 
field.  An  upper  plume  is  indicated  in  Figure  3-5;  this  feature 
may  never  occur  or  it  may  occur  on  a transient  basis.  Additional 
discussion  on  this  topic  is  deferred  to  The  Far  Field  in  this 
chapter. 

The  majority  of  the  discharged  material  moves  as  a coherent, 
steady  current  down  channels  leveed  by  previous  flows  (Figure  3- 
6) . There  is  a tendency  for  the  heavier  particles  in  a discharge 
to  scour  lighter  material  from  previous  discharges  and  create 
channels.  Such  channels  would  change  in  time  much  like  a 
meandering  river  as  it  breaks  through  levees  and  creates  new 
channels.  Factors  that  influence  the  movement  of  coarser 
tailings  material  are  the  bottom  slope,  ambient  currents,  and  the 
geometry  of  the  channel.  The  loss  of  fine  particles  to  the 
waters  of  the  fjord  is  minimal  when  the  discharge  moves  in  a 
steady  confined  manner.  However,  there  will  always  be  a small 
loss  of  some  finer  particles  (smaller  than  10  urn)  from  the  jet. 
Particle  sizes  10  urn  and  less  are  expected  to  represent  18 
percent  of  the  Quartz  Hill  tailings  by  weight  (Paulsen  pers. 
comm.).  These  particles  settle  slowly  and  advect  and  diffuse 
with  the  currents,  eventually  creating  elevated  background 
particulate  concentrations  in  water  below  the  discharge  depth 
(Findikakis  1983,  p.  13).  Flocculation  may  aid  in  accelerating 
the  deposition  of  the  suspended  fine  particles.  According  to 
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REGIONS  QF  SEDIMENT  TRANSPORT  AND  DEPOSITION 
IN  A FJORD 


FIGURE 

3-5 
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SCHEMATIC  CROSS-SECTION  OF  TAILINGS  DISPOSAL 
SPORADIC  AND  STEADY  STATE  TURBIDITY  FLOW  IN  A 

FJORD  SYSTEM 

SOURCE:  Rescan  Environmental  Services  1984,  p.  57 
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Rescan  Environmental  Services  (1984),  studies  at  the  Kitsault 
Mine  suggest  that  60  percent  of  the  tailings  put  into  suspension 
settled  within  24  hours. 

Deposition  of  the  coarser  material  begins  either  when  the  jet 
loses  momentum  due  to  a decrease  in  bottom  slope  or  when  the 
coarser  material  has  diffused  from  the  main  axis  of  the  jet  into 
ambient  conditions  where  it  can  settle  to  the  sea  floor.  The 
long-term  angle  of  repose  of  tailings  on  the  sea  floor  will 
average  about  0.5  percent,  which  is  comparable  to  the  slope  of 
the  abyssal  regions  of  the  fjords.  Thus,  throughout  the  tailings 
disposal  operations,  there  should  occur  many  build-ups  of  ledges 
followed  by  slumping  and  ledge  rebuilding  processes.  With  each 
slump  some  amount  of  the  material  will  be  put  into  suspension. 
This  could  be  an  important  source  of  suspended  solids. 

In  regions  where  the  bottom  slope  is  less  steep,  the  velocity 
of  the  turbidity  current  would  decrease.  Where  flow  velocities 
suddenly  decrease,  an  internal  hydraulic  jump  may  form. 

Turbulence  associated  with  a hydraulic  jump  also  could  generate  a 
cloud  of  tailings  particles.  Thus,  as  the  turbidity  current 
moves,  it  is  subjected  to  accelerations  and  decelerations 
depending  on  the  terrain.  This  current  loses  momentum  when  it 
flows  up  the  sides  of  the  fjord,  is  contained  by  sills,  or  slowed 
by  frictional  forces  in  the  abyssal  depths. 


Modeling  Effort 

Because  details  of  the  events  that  occur  in  the  discharge  of 
mill  tailings  into  fjords  have  not  been  observed,  there  has  been 
considerable  attention  given  to  modeling  studies  of  discharge 
behavior.  Four  efforts  have  been  undertaken  which  are  idealized 
and  involve  assumptions. 

An  extensive  mathematical  and  physical  modeling  program  has 
been  undertaken  to  predict  tailings  and  suspended  solids  behavior 
within  both  fjords  and  to  understand  the  interactions  between 
oceanographic  conditions  and  the  fate  of  the  suspended  tailings 
(Kowalik  1984;  Kowalik  and  Findikakis  1985).  A nearfield 
laboratory  study  of  the  discharge  behavior  has  been  completed  by 
Jain  and  Kennedy  (1984) . A density  current/sedimentation  model 
was  developed  for  Smeaton  Bay  (Findikakis  1985)  and  Boca  de 
Quadra  (Findikakis  1985,  Ryan  1985a).  EPA  (1988)  used  a mass- 
balance  approach,  based  upon  diffusion,  advection  and  particle 
settling,  to  estimate  probability  distributions  for  suspended 
solids.  Although  the  EPA  (1988)  model  was  based  upon  results 
presented  in  the  EIS,  it  differed  from  the  model  of  Kowalik  and 
Findikakis  (1985)  in  two  fundamental  ways.  First,  the  EPA  model 
was  a steady-state  model,  while  that  of  Kowalik  and  Findikakis 
(1985)  was  dynamic.  Second,  the  EPA  model  took  a fundamentally 
different  approach  to  establishing  the  boundary  condition  for 
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flux  of  mine  tailings  into  the  water  column.  The  EPA  model 
assumed  that  the  lightest  10  percent  of  the  mine  tailings  would 
be  injected  into  the  bottom  boundary  layer  of  the  fjord  over  a 10 
km  distance.  Kowalik  and  Findikakis  (1985)  assumed  a constant 
concentration  of  20  mg/1  along  the  entire  bottom  of  the  fjord. 

The  RDEIS  subsequently  reinterpreted  the  work  of  Kowalik  and 
Findikakis  (1985) , in  light  of  data  from  Rupert  Inlet  (RESCAN 
198  3)  , concluding  that  600  mg/1  was  a more  appropriate  value  than 
the  20  mg/1  assumed  by  Kowalik  and  Findikakis. 

All  of  the  modeling  efforts  have  some  severe  limitations.  For 
example:  the  density  current/sedimentation  model  does  not 

include  any  aspects  of  fjord  circulation;  thus,  tailings 
deposition  patterns  as  modeled  do  not  reflect  the  influence  of 
bottom  currents  and  advection  of  suspended  solids.  The  fjord 
circulation  model  does  not  include  winter  simulations  or  wind 
effects,  which  could  influence  advection  of  suspended  solids.  The 
nearfield  model  also  does  not  include  currents  and  has  not  been 
verified  with  field  observations;  thus,  model  results  represent 
untested,  ideal  conditions.  The  models  and  their  predictions 
must  be  interpreted  within  the  framework  of  the  phenomena  the 
models  are  designed  to  depict. 

Nearfield  Discharge  Behavior 

Nearfield  (<150  m [500  ft])  studies  of  the  behavior  of 
tailings  flows  were  done  by  Jain  and  Kennedy  (1984) . The  purpose 
of  the  study  was  to  describe  the  flow  characteristics  of  the 
slurry  as  it  initially  left  the  discharge  outlet.  The  study  was 
done  under  laboratory  conditions  and  the  appropriate  flow 
parameters  were  preserved  by  using  nondimensional  variables.  In 
this  discussion,  dimensions  refer  to  the  actual  and  not  the 
laboratory  scale  experiments.  The  laboratory  study  tank  was  12  m 
(39  ft)  long,  2.3  m (7.5  ft)  deep,  and  about  twice  as  wide  as 
deep.  The  settling  velocity  for  particles  in  the  slurry  and  the 
appropriate  hydrodynamic  parameter  (the  Froude  number)  were 
preserved  between  the  prototype  model  and  the  prototype.  The 
tank  was  sufficiently  large  that  the  appropriate  measure  of 
turbulence  (the  Reynolds  number)  would  not  affect  the 
interpretation  of  the  experiments. 

Although  there  were  differences  in  the  nature  of  the  near- 
outlet flow  which  depended  on  the  bottom  slope  and,  to  a lesser 
extent,  the  flow  parameters  (outlet  size,  outlet  velocity,  and 
predilution  of  tailings  [Table  3-3]),  the  important  observations 
pertain  to  the  way  in  which  previously  deposited  sediments  are 
reworked  by  the  incoming  slurry  (i.e.,  how  the  incoming  slurry 
carves  channels,  maintains  a jet-like  structure,  or  spreads  out 
sheet-like  upon  the  existing  sediments) . Under  no  circumstances 
were  they  able  to  construct  a slurry  which  broke  up,  intruding 
fines  into  the  ambient  environment  in  the  laboratory  studies. 
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With  all  discharges  there  is  entrainment  of  ambient  fluid 
with  distance  from  the  discharge.  Dilution  factors  in  the 
experiments  (Jain  and  Kennedy  1984)  ranged  from  5:1  to  42:1  in 
the  first  hundred  meters  after  discharge.  Thus,  at  distances  >100 
m (330  ft) , the  density  of  discharged  slurries  can  only  be  a few 
percent  above  that  of  the  ambient  waters.  Depending  on  the 
nature  of  the  slurry  flow,  the  jet  could  still  have  some 
momentum. 

There  was  no  indication  of  plume  "separation"  in  the  vicinity 
of  the  outfall,  except  when  air  bubbles  were  present  in  the 
discharge.  This  suggests  that  air  entrainment  should  be 
minimized  in  operations.  Generation  of  a turbidity  plume  in  the 
near  field  may  depend  on  bottom  slope.  Rescan  Environmental 
Services  (1984,  p.  68)  recommended  a discharge  site  in  the  Boca 
de  Quadra  inner  basin  with  a relatively  gentle  slope  (compared  to 
other  inner  basin  sites)  in  order  to  reduce  the  likelihood  of  a 
turbidity  plume.  Rescan  Environmental  Services  believes  the  mid- 
water turbidity  plume  from  the  Kitsault  Mine  in  Alice  Arm, 
discussed  in  detail  by  Burling  et  al.  (1981),  may  have  occurred 
in  part  because  of  the  steeper  slope  of  the  discharge  (Pelletier, 
pers.  comm.).  In  comparison,  the  slopes  of  middle  basin  Boca  de 
Quadra  and  Wilson  Arm  are  greater  than  that  in  Alice  Arm. 

Discharges  into  the  marine  environment  are  often  regulated  by 
dilution  criteria  specifying  the  minimum  dilution  at  a given 
distance  from  the  discharge.  Such  criteria  should  not  be  used 
for  tailings  discharges  since  the  objective  with  mill  tailings  is 
to  have  a continuous  flow  of  material  into  deeper  waters  far  from 
the  discharge. 

The  experiments  by  Jain  and  Kennedy  (1984)  help  to  interpret 
regimes  of  tailings  flow  that  can  exist  from  discharges  of  a 
dense  slurry.  There  is  considerable  scatter  in  their  data, 
however,  suggesting  that  the  nature  of  the  discharge  flow  will  be 
sensitive  to  parameters  which  may  vary  in  time,  e.g.,  the  bottom 
slope  near  the  discharge.  Furthermore,  the  discharges  were  into 
a guiescent  environment,  not  an  environment  with  existing 
turbulence  and  currents.  Finally,  the  model  was  not  designed  to 
simulate  bed  formation,  bedload  transport,  and  slumping  behavior. 
The  experiments  show,  however,  that  it  is  possible  under  steady 
conditions  to  maintain  a slurry  which  does  not  diffuse  clouds  of 
fine  sediments  into  the  ambient  fluid.  The  transient  problems 
associated  with  changes  in  discharge  rates  and  other  time- 
dependent  variations  in  production  have  not  been  discussed  in  the 
literature. 

The  Far  Field 


General  Characteristics.  The  far  field  can  be  characterized 
as  a fluvial  system  with  building  of  settled  slurry  outcrops, 
erosion  of  outcrops,  renewed  momentum  to  the  slurries  as  steeper 
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bottom  slopes  are  encountered,  and  a settling  of  material  as 
turbulence  in  the  jet  and  media  subside  in  intensity. 

Accumulation  of  discharged  material  occurs  as  the  sediments 
settle  by  gravitational  forces  once  turbulence  in  the  jet 
dissipates.  It  is  not  possible  to  model  all  of  the  events  which 
take  place;  therefore,  only  a description  of  material  balances 
within  basins  can  be  surmized. 

There  will  be  a continual  source  and  flux  of  fine  materials 
(10  urn  or  less)  into  fjord  waters  as  a result  of  discharge, 
turbidity  currents,  and  continual  slumping  of  tailings  deposited 
on  the  fjord  bottom.  Approximately  18  percent  (Figure  2-4)  of 
the  tailings  would  be  in  this  size  range.  The  suspended  fines 
would  extend  over  the  width  of  the  fjord  and  a substantial 
distance  above  the  bottom.  Most  of  the  material  in  this  cloud 
would  not  extend  above  the  depth  of  the  outfall.  Concentrations 
of  the  fines  would  range  from  5-20  mg/1  at  the  top  of  the  cloud 
to  high  concentrations  (200-2,000  mg/1)  typical  of  the  turbidity 
flows  near  the  seabed  (Figure  3-7) . 

According  to  the  RDEIS , a vertical  profile  of  suspended 
solids  through  the  cloud  should  be  similar  to  profiles  observed 
in  Rupert  Inlet  within  1-2  km  of  the  outfall.  Examples  of 
profiles  obtained  from  Rupert  Inlet  during  the  10th  year  of 
mining  operations  are  shown  in  Figure  3-7.  The  stippled  areas 
refer  to  the  concentrations,  and  the  lines  are  the  transmissivity 
of  the  waters.  High  transmissivity  implies  clear  water. 

Suspended  solids  were  as  high  as  2,000  mg/1  within  the  plume, 
dropping  below  20  mg/1  at  15  m and  41  m above  the  bottom  at 
distances  of  300  m and  1,000  m from  the  discharge,  respectively. 

A potential  source  of  suspended  fine  material  is  separation 
of  the  fines  from  the  density  current  as  the  slurry  moves  down 
into  the  fjord  (Figure  3-5) . Under  some  conditions  the  plume 
might  separate  (i.e.,  introduce  a quantity  of  fine  materials  into 
the  fjord)  after  approximately  60-100  m (200-330  ft)  of  travel, 
i.e.,  transformation  from  nearfield  to  farfield  conditions.  If 
release  of  fines  occurs  at  this  stage,  it  would  occur  at  depths 
of  approximately  88-120  m (290-390  ft)  assuming  an  outfall  depth 
of  46  m and  a 50  percent  slope  down  the  fjord  wall.  Assuming  a 
more  gradual  slope,  the  depth  range  for  this  type  of  event  would 
be  even  shallower.  This  could  place  suspended  fines  near  the 
upper  water  column.  Although  it  was  not  possible  to  reproduce 
plume  separation  in  the  laboratory  studies,  the  receiving  waters 
were  stagnant  in  these  studies.  This  has  importance  for 
understanding  the  model  limitations  and  its  ability  to  reproduce 
field  conditions.  Where  water  depths  are  shallow,  tide  currents 
and  turbulence  may  be  appreciable.  It  is  at  this  point  that  the 
strongest  interactions  would  be  expected  to  occur  between  ambient 
fluid  and  slurry  that  has  lost  most  of  its  original  momentum.  If 
separation  were  to  occur,  this  is  where  it  would  be  expected. 

This  type  of  plume  separation  has  been  observed  at  the  Kitsault 
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mine.  Goyette  et  al.  (1985)  reported  that  a midwater  tailings 
plume  persisted  at  a depth  between  80  and  120  meters.  They 
reported  maximum  residue  (total  suspended  particulate) 
concentrations  of  104-128  mg/1  within  the  plume.  This  feature  of 
the  discharge  is  included  in  Figure  3-5.  Topographic  features 
might  also  induce  separation.  Such  features  would  tend  to  be 
smoothed  out  as  the  bottom  develops  smooth  channels  after  some 
time  of  operation.  Channels  would  reduce  both  tidal  current 
effects  and  topographic  effects,  lessening  any  tendency  to 
release  fines  to  the  waters. 

Tailings  would  continue  to  build  up  the  bottom  of  the  basin 
directly  below  the  outfall.  During  the  early  phase  of  the 
project,  deposition  would  be  localized  but  rapidly  changing  over 
time.  Meandering  channels  would  form,  directing  the  discharge 
along  the  path  of  least  resistance.  During  the  first  few  years 
of  operation,  half  of  the  tailings  would  move  upfjord  and  half  of 
the  tailings  would  move  downfjord.  The  bottom  of  both  fjords 
near  the  discharge  is  relatively  flat.  A ridge  of  tailings  would 
form  on  the  fjord  bottom  opposite  the  outfall,  based  on 
observations  from  the  Rupert  Inlet  discharge  (Figure  3-8) . In 
time  this  ridge  would  wrap  around  the  fjord  bottom,  upfjord  of 
the  outfall.  Most  of  the  tailings  would  then  be  directed 
downfjord.  Until  the  tailings  ridge  becomes  stable,  slumping  and 
transport  of  fines  by  currents  or  by  diffusive  processes  would 
continue  to  move  tailings  upfjord. 

As  the  ridge  of  tailings  builds,  the  region  of  maximum 
deposition  would  move  outward  from  below  the  outfall.  As  the 
slope  of  the  ridge  decreases,  plume  meandering  and  building  of 
leveed  channels  would  increase.  When  the  channel  deposits  become 
unstable,  the  levees  would  collapse  and  the  channel  would  shift 
laterally.  The  slumped  material  would  continue  downslope  as  a 
turbidity  current.  The  longitudinal  bottom  slope  may  also  become 
unstable  and  slump.  Turbidity  currents  would  carry  coarser 
tailings  material  downslope,  while  episodic  slumping  would 
transport  large  quantities  of  material  to  greater  depths.  Many 
of  these  features  are  observed  in  the  tailings  disposal  operation 
in  Rupert  Inlet  (Findikakis  1983,  p.  115). 

Characteristics  Unique  to  Boca  de  Quadra  Inner  Basin 
Discharge . The  results  of  a feasibility  study  for  a discharge 
located  within  the  inner  basin  of  Boca  de  Quadra  gave  the 
following  unique  characteristics  for  farfield  behavior: 

o In  the  early  years  of  operation,  virtually  all  of  the 
tailings  will  be  retained  in  the  inner  basin. 

o After  about  14  years  of  operation,  the  inner  basin  is 
full  to  critical  slope  and  no  further  material 
accumulation  can  occur  within  the  confines  of  the 
original  inner  basin.  Therefore,  any  further  addition 
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of  material  to  the  inner  basin  must  result  from 
slumping  along  the  density  current  channel  between  the 
outfall  and  the  middle  basin  or  advection  of  suspended 
solids  from  the  middle  basin. 

o Future  accumulations  will  progress  down  the  middle 

basin  toward  the  Kite  Island  sill,  reaching  depths  of 
about  5m  (17  ft)  at  the  base  of  the  Kite  Island  sill 
at  the  termination  of  mine  operations. 

o Most  of  the  deposits  will  be  below  80  m (270  ft)  in  the 
inner  basin  and  150  m (500  ft)  in  the  middle  basin. 

Deposition  at  the  upfjord  base  of  the  inner  sill  would 
continue  until  the  level  of  tailings  nearly  reaches  the  elevation 
of  the  top  of  the  sill.  Turbidity  flows  with  sufficient  momentum 
would  be  carried  over  the  sill  and  into  the  middle  basin. 
Deposition  would  continue  to  elevate  the  inner  basin  bottom  until 
materials  freely  flow  into  the  middle  basin  and  the  inner  basin 
bottom  slope  becomes  stable.  A stable  bottom  slope  is  assumed  to 
be  0.5  percent  (U.S.  Borax  1983b,  p.  C-l) . Tailings  flowing  into 
the  middle  basin  would  form  leveed  channels  and  would  be 
transported  to  the  deepest  part  of  the  fjord. 

Characteristics  Unique  to  Boca  de  Quadra  Middle  Basin 
Discharge . The  middle  basin  is  largely  symmetrical  and 
relatively  flat-floored  when  viewed  in  transverse  sections.  The 
basin  floor  beneath  the  proposed  middle  basin  outfall  site 
appears  to  have  sufficient  grade  to  maintain  the  coherence  of  the 
tailings  density  current  leaving  the  outfall.  The  bottom  slope 
at  a depth  of  100  m (330  ft;  the  end  of  the  assumed  near  field) 
is  approximately  5 percent  (Ryan  1983,  p.  23)  instead  of  up  to  50 
percent  as  at  the  proposed  outfall  locations  in  the  inner  basin 
(Rescan  Environmental  Services  1984,  pp.  65,  67).  The  basin 
floor  slopes  downfjord  toward  the  Kite  Island  sill.  The 
accumulated  tailings  at  this  depth  should,  therefore,  progress 
quickly  downfjord  as  a bottom  density  flow.  The  middle  basin 
floor  slope  decreases  approximately  4 km  (2.4  mi)  downstream,  and 
some  minor,  low-relief  irregularities  are  present.  Tailings  flow 
to  this  region  is  anticipated  to  fill  in  the  irregular 
topography.  Tailings  deposits  eventually  will  extend  past  this 
area  and  flow  will  continue  downfjord,  probably  through  a 
combination  of  turbidity  currents  and  slumping. 

Characteristics  Unique  to  Smeaton  Bay  Discharge. 

Uncertainties  about  the  equilibrium  slope  for  tailings  create 
concern  about  tailings  flow  in  relation  to  the  outer  sill.  Bounds 
on  the  equilibrium  slope  are  slopes  of  1:50  to  1:200.  Studies  in 
Rupert  Inlet  (Hay  1982,  p.  139)  showed  deposits  with  a 1:30  slope 
near  the  discharge,  a 1:60  slope  a few  kilometers  from  the 
discharge,  and  a 1:120  slope  in  lower  reaches  of  the  deposits. 

In  Smeaton  Bay,  the  outer  sill  is  located  approximately  14-15  km 
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(9  mi)  from  the  outfall.  A 1:50  slope  extending  14  km  would 
produce  an  elevation  change  of  280  m (990  ft);  a 1:200  slope  an 
elevation  change  of  70  m (240  ft).  The  1:50  slope  is  of 
sufficient  size  that  tailings  would  pile  up  at  the  outfall  and 
backfill  into  Wilson  Arm  before  (if  ever)  moving  over  the  sill 
into  Behm  Canal.  A 1:200  slope  is  just  barely  sufficient  to 
ensure  flow  of  tailings  away  from  Wilson  Arm  and  over  the  sill. 

A decrease  in  slope  away  from  the  outfall  from  1:30-1:200  may 
result  in  blockage  of  the  outfall  before  overspill  into  Behm 
Canal  occurs.  The  deposition  pattern  of  the  tailings  is  a topic 
which  must  be  continually  examined  during  mining  operations  if 
discharge  is  made  to  Smeaton  Bay. 

The  Fiord  Circulation  Models 

These  models  were  developed  to  learn  about  the  interactions 
between  the  fjord  circulation  and  suspended  solids.  The  fate  of 
tailings  and  the  ecological  effects  of  rapid  sedimentation  in  a 
fjord  are  related  to  the  water  circulation  in  the  fjord.  A 
discussion  of  the  model  results  follows  the  description  of  the 
oceanographic  and  meteorological  conditions  for  each  fjord. 


Oceanographic  and  Meteoroloqic  Conditions 
Boca  de  Quadra 

The  general  hydrography  of  Boca  de  Quadra  has  been  described 
by  Nebert  (1983,  1984). 

Circulation.  The  tide  range  in  Boca  de  Quadra  is  from  2-6  m 
(6-20  ft) . The  dominant  current  in  Boca  de  Quadra  is  due  to  the 
semidiurnal  lunar  tide.  Currents  can  reach  several  knots  in  the 
vicinity  of  the  Kite  Island  sill.  None  of  the  sills  have  a mud 
substrate,  indicating  that  currents  capable  of  eroding  fine 
sediments  occur  frequently  at  these  locations.  The  tidal 
currents  are  the  most  dynamic  flows  in  the  fjord;  however,  net 
transports  of  water  are  related  to  average  flows  over  many  tide 
cycles.  The  average  currents  are  much  smaller  than  peak  tidal 
currents,  making  it  difficult  to  infer  mean  circulation  patterns 
from  isolated  observations  of  currents.  Therefore,  circulation 
patterns  are  inferred  from  observations  of  the  water 
characteristics  within  the  fjord. 

Deepwater  isolated  from  Revillagigedo  Channel  by  the  sills  is 
replaced  when  water  of  sufficiently  high  density  is  available  in 
Revillagigedo  Channel  at  the  depth  of  the  outer  sill.  Generally 
this  occurs  each  summer  when  northerly  winds  in  the  Gulf  of 
Alaska  cause  coastal  upwelling,  which  raises  the  nearshore 
pycnocline  depth.  This  allows  colder  and  more  saline  water  to 
penetrate  over  the  sill  into  Boca  de  Quadra.  During  winter 
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months,  the  prevailing  southerly  winds  over  the  Gulf  of  Alaska 
deepen  the  nearshore  pycnocline,  inhibiting  intrusion  of  dense 
water  over  the  sill  into  Boca  de  Quadra. 

A typical  annual  cycle  for  the  fjord  is  characterized  by  a 
weak  stratification  of  the  deep  waters  of  all  three  basins  in 
winter.  As  summer  approaches,  dense  (cold  and  saline)  waters 
begin  to  rise  in  Revillagigedo  Channel  to  the  depth  of  the  outer 
sill.  When  they  reach  sill  depth,  they  flow  over  the  sill  into 
the  outer  basin  where  they  replenish  the  less  dense  waters  which 
existed  at  depth  in  this  basin. 

Deepwater  renewal  affects  only  the  outer  basin  until  the 
process  has  continued  long  enough  to  bring  dense  water  to  the 
more  shallow  Kite  Island  sill,  which  separates  the  middle  and 
outer  basins.  Then  dense  water  penetrates  over  this  sill, 
replacing  the  deeper  waters  of  the  middle  basin.  Early  in  the 
renewal  period,  the  waters  entering  the  middle  basin  may  not  be 
dense  enough  to  displace  the  bottom  waters  of  this  basin.  The 
inflowing  waters  will  seek  their  own  density  surface  in  the 
middle  basin.  As  the  season  progresses,  denser  waters  become 
available  outside  the  Kite  Island  sill,  and  these  waters  will 
eventually  be  of  sufficient  density  to  replace  the  bottom  waters 
of  the  middle  basin. 

Because  the  Kite  Island  sill  is  on  a bend  in  the  fjord,  it 
complicates  the  current  patterns.  Kite  Island  is  in  the  middle 
of  this  sill,  so  that  the  water  flow  over  the  sill  is  divided.  On 
the  southwest  side  of  Kite  Island  is  an  east-west  channel  over 
the  sill,  and  on  the  east  is  a north-south  channel.  There  are 
strong  net  outflows  above  the  sill  in  the  channel  on  the 
southwest  and  strong  net  inflows  through  the  deeper  east  channel. 
The  flows  in  all  of  the  channels  reverse  with  changing  tides. 
Thus,  dense  water  can  enter  the  middle  basin  through  both 
channels  on  the  flood  tide.  Non-tidal  currents  in  the  range  of 
50-100  cm/sec  are  common,  and  peak  velocities  are  in  the  order  of 
120-140  cm/sec  (Nebert  1984,  p.  17). 

Currents  in  the  outer  basin  are  complex.  With  the  seven 
current  meters  that  were  deployed,  it  was  not  possible  to  account 
for  the  mass  balance  in  the  basin.  Sill-depth  currents  are 
inward  during  the  early  phase  of  deepwater  renewal  since  the 
waters  at  or  just  below  sill  depth  are  the  first  to  be  replaced 
during  the  renewal  process.  For  the  rest  of  the  year,  net  flow 
at  sill  depth  is  outward.  The  deep  waters  show  little  net  motion 
except  during  renewal  events.  These  events  take  the  form  of  a 
density  current  that  sweeps  down  the  inside  slope  of  the  Kite 
Island  sill  to  a level  where  the  incoming  water  is  neutrally 
buoyant.  Late  in  the  deepwater  renewal  period,  current  episodes 
are  seen  at  the  bottom  of  the  basin  with  peak  current  speeds  that 
occasionally  exceed  50  cm/sec  (Nebert  1984,  p.  33). 
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The  inner  sill,  which  separates  the  middle  and  inner  basins, 
is  deeper  (110m  [360  ft])  than  both  the  outer  and  Kite  Island 
sills.  Thus,  renewal  of  water  in  the  inner  basin  begins  shortly 
after  dense  water  has  overcome  the  Kite  Island  sill,  even  though 
the  water  may  not  be  dense  enough  to  penetrate  to  the  bottom  of 
the  middle  basin.  The  density  of  waters  entering  the  inner  basin 
increases  with  time  until  the  cessation  of  the  renewal  process. 
Mass  balance  dictates  that  the  volume  of  new  water  entering  the 
basins  must  be  compensated  for  by  an  outflow  of  less  dense  old 
waters  (or  old  water  mixed  with  the  incoming  water)  above  the 
penetration  depth  of  the  new  water.  The  renewal  process  is  not  a 
slow,  steady  process;  rather,  it  is  a time-dependent  process  in 
which  intrusions  occur  as  the  availability  of  dense  water  and 
tide  conditions  are  appropriate. 

Current  meters  have  been  deployed  on  the  inner  sill  for 
different  seasons  and  different  water  depths.  Net  currents  near 
the  surface  tend  to  vary,  but  there  are  insufficient  data  to 
determine  seasonal  trends.  From  October-December , 1978,  a net 
inflow  at  14  m (46  ft)  was  observed  even  though  this  is  a period 
of  peak  river  runoff.  In  January-February , 1979,  the  net 
currents  were  toward  the  middle  basin.  In  contrast,  a seasonal 
pattern  has  been  seen  in  the  near-bottom  currents.  From  October- 
April  there  is  a persistent  net  outflow.  The  remainder  of  the 
year  there  is  a weaker  but  also  persistent  net  inflow.  The 
reversals  in  the  flow  directions  appear  to  coincide  with  the 
onset  and  cessation  of  the  renewal  process.  The  inflows  and 
outflows  occur  in  the  lowest  15  m (48  ft)  of  the  water  column 
above  the  sill.  No  net  flows  have  been  observed  by  current 
meters  in  the  middle  water  column. 

Currents  within  the  inner  basin  are  generally  weak  and 
variable,  but  there  are  times  when  bottom  currents  show  a well- 
developed  outflow  which  coincides  with  outflow  over  the  inner 
sill.  The  observations  are  not  sufficient  to  understand  the 
connections  and  causes  for  the  correlation  of  the  bottom  and  sill 
currents.  Inflowing  currents  are  also  observed  near  the  bottom, 
coinciding  with  renewal  events  in  the  middle  basin.  The  highest 
speed  observed  in  the  inner  basin  by  a near-bottom  current  meter 
was  less  than  15  cm/sec  (Nebert  1983,  Appendix  D) . The  mid-depth 
waters  of  the  inner  basin  are  relatively  stagnant. 

The  outer  basin  remains  in  good  contact  with  the  waters  of 
Revillagigedo  Channel  and  has  a continual  renewal  of  near-surface 
waters  throughout  the  year.  Time  series  salinity  and 
temperature  data  from  the  outer  basin  strongly  suggest  that  the 
deep  waters  are  also  in  good  communication  with  the  adjacent 
channel.  The  outer  basin  deep  waters  tend  to  be  well  mixed 
vertically,  which  suggests  the  bottom  waters  are  being  renewed 
throughout  the  year  (Nebert,  1985b).  During  the  fall,  the  waters 
entering  from  the  Channel  into  the  outer  basin  are  warmer  and  of 
lower  salinity  than  the  waters  in  Boca  de  Quadra.  This  near- 
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surface  intrusion  of  water  penetrates  the  length  of  Boca  de 
Quadra  and  is  a distinct  hydrographic  feature  at  the  head  of  the 
fjord  throughout  the  winter. 

During  the  winter,  the  exchange  process  reverses  direction  as 
the  below-sill  waters  within  Boca  de  Quadra  are  now  denser  than 
the  waters  at  the  depth  of  the  outer  sill  in  Revillagigedo 
Channel.  Mixing  of  the  dense  waters  in  the  basins  with  lighter 
sill-depth  waters  generates  sill-depth  outflows.  Throughout  the 
winter,  the  basin  waters  slowly  diminish  in  density  as  a result 
of  mixing  processes,  preparing  the  basins  for  the  next  summer's 
renewal  events. 

The  annual  progression  of  water  mass  replenishment  and  mixing 
within  Boca  de  Quadra  fjord  will  vary  in  timing  and  intensity  in 
different  years.  Deepwater  renewal  never  fully  developed  in  the 
middle  basin  in  1983;  no  deepwater  renewal  was  seen  below  150  m 
(500  ft)  (Nebert  1984,  p.  25).  This  was  a year  with  weak 
upwelling  of  coastal  Alaskan  and  British  Columbia  waters. 

Without  deepwater  renewal,  densities  in  the  middle  basin  will  be 
relatively  low  at  the  beginning  of  the  winter  isolation  period. 
Continual  downward  mixing  of  the  overlying  waters  will  further 
reduce  densities.  At  the  beginning  of  the  following  deepwater 
renewal  period,  stratification  in  the  middle  and  inner  basins 
will  be  exceptionally  weak.  When  the  renewal  starts  early,  there 
is  no  reason  to  expect  the  intrusions  are  more  likely  to 
penetrate  to  the  bottom  than  during  "normal"  years.  It  is  likely 
that  the  intrusion  will  start  earlier  and  will  last  longer  than 
if  the  summer  renewal  is  normal  and  the  basin  waters  started  with 
below  normal  density  (Nebert,  1985b) . 

Generalized  circulation  features  for  the  deepwater  renewal 
and  non-deepwater-renewal  periods  are  shown  in  Figure  3-9.  The 
features  presented  in  this  figure  are  schematic  and  cannot  be 
interpreted  as  the  flow  at  any  given  time.  Dashed  lines  are  used 
where  the  mean  circulation  is  expected  to  be  highly  variable. 

Except  for  the  short  period  of  time  when  dense  waters  move 
upfjord  at  sill  depth,  Boca  de  Quadra  circulation  is  unlike  that 
of  the  classical  fjord.  Temperature  and  salinity  observations 
indicate  a pattern  of  upper  level  inflow  and  sill  depth  outflow 
over  much  of  the  year.  Nebert  (1984)  suggested  that  the 
freshwater  inflow  to  the  fjord  is  too  small  relative  to  the  tidal 
flow  to  drive  a circulation  typical  of  most  fjords.  The  tide 
flow  is  measured  by  the  tidal  prism,  which  is  the  volume  of  water 
needed  to  fill  the  fjord  during  the  rise  of  the  tide.  In  Boca  de 
Quadra,  the  yearly  mean  of  the  ratio  of  freshwater  inflow  to  the 
tidal  prism  is  0.005.  Even  in  periods  of  high  freshwater  inflow 
(October),  the  ratio  is  only  0.018.  The  driving  force  for  upper 
water  circulation  is  thought  to  be  brackish  water  derived  from 
coastal  British  Columbia.  This  water  moves  northward  up 
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KILOMETERS 

GENERALIZED  CURRENT  PATTERN  DURING  DEEPWATER  RENEWAL  PERIOD 


GENERALIZED  CURRENT  PATTERN  DURING  NON-DEEPWATER  RENEWAL  PERIOD 


CURRENT  PATTERNS  IN  BOCA  DE  QUADRA 


FIGURE 

3-9 


SOURCE:  Envirosphere  1984,  p.  3-42 
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Revillagigedo  Channel  to  the  mouth  of  Boca  de  Quadra.  Upon 
entering  the  fjord,  these  surface  waters  respond  to  freshwater 
input,  winds,  and  along-fjord  density  differences. 

Under  normal  conditions,  the  upper  100  m (330  ft)  of  the 
water  column  has  the  largest  vertical  density  gradients.  Local 
processes  such  as  solar  heating  and  fresh  water  inflow,  together 
with  deepwater  renewal  events,  strengthen  the  density  gradient  in 
the  upper  water  column.  The  summer  pycnocline  at  depths  of  4 0- 
100  m (130-330  ft)  strongly  resists  any  upward  movement  of  basin 
waters  in  the  surface  layers.  Stratification  is  highest  in 
August  and  September  (Nebert  1983,  p.  9).  During  the  winter,  the 
intrusion  of  warm  and  fresh  water  from  Revillagigedo  Channel 
maintains  a weaker  but  still  significant  upper-layer 
stratification. 

Some  changes  in  the  dynamics  of  the  fjord  circulation  in  the 
inner  basin  are  expected  after  this  basin  has  been  filled  with 
tailings.  There  would  no  longer  be  a storage  basin  for  dense 
water  and,  therefore,  the  net  outflows  observed  at  sill  depths 
during  the  winter  would  not  exist.  Furthermore,  without  the  net 
flows  driven  by  density  variations  associated  with  renewal  and 
mixing  of  renewed  water,  there  remain  only  three  sources  of 
energy  to  drive  a circulation:  runoff,  winds,  and  tidal  action. 

Accordingly,  wind-driven  circulation  patterns  would  become  more 
important  than  at  present.  An  example  of  the  kinds  of  current 
patterns  that  might  result  can  be  found  in  East  Sound  in  the  San 
Juan  Islands  of  Washington  State.  Although  it  has  little  runoff 
and  is  shallower  than  the  filled  inner  basin,  it  has  surface 
dimensions  similar  to  the  inner  basin  and  lacks  a basin.  The 
wind-driven  circulation  in  this  system  has  been  discussed  by 
Rattray  (1967) . In  this  fjord-like  embayment,  the  surface  wind- 
driven  transport  of  water  was  compensated  for  by  mid  water  column 
reverse  flows. 

Bottom  Currents.  Bottom  currents  are  of  particular  interest 
in  Boca  de  Quadra  because  of  their  potential  for  resuspending  and 
redistributing  tailings  deposits.  The  transport,  deposition,  and 
erosion  of  tailings  solids  depend  on  current  velocity,  particle 
grain  size,  and  the  degree  of  deposit  consolidation.  This 
relation  is  presented  graphically  in  Figure  3-10. 

Fine  sediments  are  not  found  in  regions  where  there  are 
frequent  (i.e.,  monthly)  currents  capable  of  eroding  fines.  Thus, 
there  is  a tendency  to  find  sands  and  gravels  over  sills.  Mill 
tailings,  like  natural  sediments,  will  not  occur  in  large 
accumulations  in  such  regions;  therefore,  these  areas  will  not 
experience  major  slumpages  that  result  in  the  injection  of  large 
quantities  of  fines  into  the  overlying  water  column.  Bottom 
current  can  cause  significant  resuspension,  however,  if  there  are 
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Note:  Velocity  Treasured  15  cm  above  the  bottom.  Note  effects  of 

consolidation  upon  camencement  of  erosion  in  clays  and  silts. 


BOTTOM  CURRENT  VELOCITIES  (cm/sec)  REQUIRED  FOR  EROSION 
TRANSPORTATION,  AND  SEDIMENTATION  ACCORDING 
TO  SEDIMENT  GRAIN  SIZE 


FIGURE 

3-10 


SOURCE:  Kennet  1982,  p.  517 
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fringe  areas  of  the  sills  where  the  occasional  (i.e.,  less 
frequent  than  monthly)  strong  bottom  current  encounters  a 
normally  placid  deposition  area. 

High  currents  near  the  bottom  are  expected  when  a stratified 
fluid  flows  over  sills  during  the  tide  cycle.  There  is  a 
tendency  for  a wave-like  flow  in  the  lee  of  the  sill,  with  dense 
water  that  flows  over  the  sill  penetrating  the  water  column 
behind  the  sill  to  greater  than  its  neutral  buoyancy  depth. 
However,  the  deep  downward  flow  and  subsequent  rise  of  the  strong 
deep  currents  does  not  extend  great  distances  (more  than  several 
km)  in  the  lee  of  sills.  Although  specific  details  are  lacking, 
the  observations  of  deep  currents  in  Boca  de  Quadra  fit  this 
general  picture.  With  just  the  right  conditions,  it  is  possible 
that  a strong  bottom  flow  could  disrupt  what  is  ordinarily  a more 
tranquil  tailings  deposition  zone. 

Table  3-4  lists  the  velocities  required  to  erode  bed 
sediments  for  different  sediment  sizes  and  consolidations.  The 
cumulative  percentage  of  the  Quartz  Hill  tailings  as  a function 
of  particle  diameter  (Figure  2-4)  is  given  in  the  left-hand 
column.  The  surface  layer  of  deposited  tailings  is  expected  to 
be  relatively  unconsolidated  and  have  a water  content  of  at  least 
50  percent  by  weight.  For  the  median  sized  particle  (63  um)  and 
deposits  that  are  50  percent  consolidated  by  water  content, 
current  velocities  of  23  cm/sec  or  greater  would  erode  and 
transport  the  tailings.  Currents  in  excess  of  20  cm/sec  create 
the  potential  for  erosion  of  sediments  for  a wide  range  of 
particle  sizes  and  bed  conditions.  The  currents  shown  in  Figure 
3-10  and  listed  in  Table  3-4  are  the  values  needed  at  15  cm  above 
the  sea  floor  for  erosion.  Currents  measured  further  from  the 
sea  bed  would  need  to  be  larger.  For  currents  1 m (3  ft)  off  the 
sea  floor,  the  proportional  factor  would  be  between  1.2  and  1.5, 
depending  on  assumptions  about  the  nature  of  the  boundary  layer. 

Near-bottom  measurements  of  currents  have  been  made  at  a 
number  of  locations  in  Boca  de  Quadra  during  1982.  The  bottom 
current  meter  data  have  some  inherent  limitations.  The  primary 
purpose  of  the  arrays  was  to  collect  information  on  water 
movements  in  the  fjord,  and  not  to  study  erosion.  Reported 
measurements  are  usually  the  average  values  of  current  over 
periods  of  15-30  minutes;  it  is  possible  to  have  high  frequency 
events  that  exceed  threshold  while  average  currents  are  smaller 
than  required  for  erosion.  Furthermore,  the  current  meters  on  the 
arrays  were  usually  2.5  or  10  m above  the  bottom,  making  it 
difficult  to  assess  shear  forces  on  sediments.  Finally,  the 
bottom  coverage  by  current  meters  is  sparse;  thus,  many  important 
events  could  be  missed.  Because  bottom  currents  are  not  uniform 
across  or  along  a fjord,  observations  of  bottom  currents  with  a 
limited  array  of  current  meters  provide  only  a potential 
indication  of  strong  bottom  current  events.  The  interpretation 
as  to  cause  of  strong  bottom  current  events  is  extremely 
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Table  3-4.  Current  Velocities  Required  to  Erode  Bed 
Sediments 


CUMULATIVE  PARTICLE  VELOCITY  (cm/ sec) a 

PERCENT3  DIAMETER  


(%) 

(urn) 

V90 

v70 

v50 

v0 

11 

5 

17 

45 

75 

260 

18 

10 

18 

37 

60 

160 

30 

21 

19 

28 

35 

110 

38 

35 

20 

25 

30 

80 

47 

52 

21 

24 

25 

70 

55 

74 

22 

23 

23 

60 

64 

90 
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From  Figure  2-4. 

v90'  V70/  etc.  » velocity  required  to  erode  bed  sediment 
particles  having  90  percent  water  content  by  weight, 

70  percent  water  content,  etc.  From  Figure  3-10. 
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difficult  with  limited  current  data.  Nevertheless,  the  data  are 
useful  in  assessing  the  erosion  and  suspension  potential  of 
certain  areas. 

Bottom  current  velocities  exceeding  20  cm/sec  have  been 
observed  in  several  locations  in  Boca  de  Quadra.  Most  of  these 
currents  are  associated  with  the  Kite  Island  sill  during  strong 
tides;  however,  bottom  currents  exceeding  20  cm/sec  have  been 
observed  elsewhere  in  the  middle  basin  during  deepwater  renewal 
in  summer  and  early  fall.  During  this  period,  density  flows 
moved  down  the  upfjord  escarpment  of  the  Kite  Island  sill  and 
extended  to  the  deepest  point  of  the  middle  basin.  On  the 
escarpments,  currents  substantially  higher  than  61  cm/sec  were 
recorded  by  Nebert  (Rescan  Environmental  Services  1984,  p.  24 
and  Nebert,  1985b) . This  event  was  not  observed  2 km  further 
into  the  fjord. 

During  renewal  of  the  middle  basin  deepwater,  currents  across 
the  inner  sill  into  the  inner  basin  often  exceeded  20  cm/sec. 
Density  gradients  across  the  inner  sill,  which  form  during  the 
renewal  period,  appear  to  augment  the  flood  tide,  causing  larger- 
than-average  near-bottom  currents.  The  presence  of  a density 
flow  across  this  sill  is  supported  by  bathymetric  data  which  show 
a narrow,  V-shaped  channel  on  the  upfjord  side  of  the  inner  sill. 
The  channel  leads  down  the  escarpment  to  a depression  on  the 
inner  basin  floor.  Note  that  once  the  inner  basin  has  filled 
with  tailings  these  density  currents  will  not  arise.  Nebert 
(1985b)  maintains  that  insufficient  study  has  been  directed  to 
the  existing  data  for  the  inner  sill  and  the  inner  basin  to  draw 
any  firm  conclusions  about  what  is  occurring  there. 

Although  the  current  velocity  maxima  across  the  inner  sill 
generally  coincide  with  middle  basin  bottomwater  replacement,  the 
occurrences  span  a greater  time  period  during  the  year.  This  is 
expected  because  the  intrusion  depth  of  waters  entering  the 
middle  basin  across  the  Kite  Island  sill  changes  slowly  during 
the  beginning  and  end  of  deepwater  renewal.  This  would  prolong 
the  density  gradient  across  the  inner  sill,  resulting  in  density 
flows  occurring  before  and  after  those  noted  at  the  bottom  of  the 
middle  basin  (Rescan  Environmental  Services  1984) . The  actual 
details  of  how  the  density  differences  arise  must  be  complex, 
since  during  a normal  year  of  deepwater  renewal  both  the  middle 
and  inner  basins  receive  more  than  a basin  of  "new"  water  (Nebert 
1984,  p.  25).  Bottom  currents  in  the  inner  basin  appear  to  be 
small.  This  suggests  that  the  density  flows  disperse  soon  after 
entering  the  inner  basin. 

This  interpretation  of  the  current  meter  data  is  supported  by 
sediment  core  data.  Generally  coarse  sands  are  associated  with 
the  sill  regions,  with  a gradation  to  silts  and  clays  moving  away 
from  the  sills.  The  inner  and  middle  basin  floors  consist 
primarily  of  clay-sized  particles. 
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As  the  inner  basin  fills,  it  is  possible  that  there  will  be  a 
time  when  bottom  currents  exist  in  the  lee  of  the  sill  that  are 
strong  enough  to  erode  deposited  tailings.  If  this  were  to 
happen,  there  would  be  a major  source  of  suspended  materials  near 
sill  depth  that  would  exceed  the  background  levels  of  suspended 
particulates  created  as  a result  of  tailings  discharge  and 
slumping.  However,  the  magnitude  and  duration  of  this  event  would 
decrease  as  below-sill  volume  in  the  inner  basin  decreases. 

The  farfield  model  for  tailings  does  not  predict  a large 
accumulation  of  tailings  at  the  foot  of  the  Kite  Island  sill. 
Thus,  the  amount  of  material  available  for  resuspension  is  less 
than  at  the  inner  sill.  Even  if  the  model  underestimates 
accumulation  by  a large  factor,  there  still  would  not  be 
accumulations  reaching  up  the  escarpment  to  any  significant 
distance.  Thus,  although  there  may  be  large  bottom  currents  in 
the  lee  of  the  Kite  Island  sill  for  the  duration  of  the 
discharge,  they  are  not  likely  to  cause  significant  elevation  of 
suspended  solids  in  waters  above  sill  depth  because  the  vertical 
distance  is  so  great. 

Winds.  Winds  were  measured  24  February  - 10  June  1983  and  21 
July  - 21  October  1983  at  a central  location  in  the  fjord  near 
the  inner  sill  (Johnson  1984) . The  observations  taken  during  the 
first  time  period  show  that  the  most  common  wind  directions  were 
downfjord.  The  second  most  common  directions  were  winds  upfjord. 
About  80  percent  of  the  time,  wind  speeds  were  in  the  range  of  1- 
6 m/sec  (2-12  knots) . The  strongest  winds  observed  came 
downfjord  and  were  less  than  12  m/sec  (24  knots) . These  winds 
are  expected  to  occur  infrequently  since  only  one  storm  event 
occurred  with  sustained  winds  of  11  m/sec  (22  knots)  during  the 
observation  period. 

Observations  taken  during  the  second  observation  period 
(summer  conditions)  show  the  same  direction  pattern,  with  winds 
tending  to  be  either  upfjord  or  downfjord.  Winds  were  weaker 
during  this  season  with  no  observations  of  winds  exceeding  10 
m/sec  (20  knots) . 

Winds  do  not  appear  to  have  a major  effect  on  the  present 
circulation  in  Boca  de  Quadra.  No  obvious  wind-mixed  layer  has 
been  observed  in  the  STD  profiles,  nor  have  wind-induced  currents 
near  the  surface  been  reported.  Upwelling,  therefore,  has  not 
been  demonstrated  by  the  existing  data.  However,  the  shallowest 
current  meters  have  been  at  a 15  m depth  and  could  miss  a thin 
surface-layer  flow. 

Pvcnocline  Depths.  The  pycnocline  is  the  depth  where  the 
greatest  change  in  water  density  occurs  with  the  least  change  in 
depth.  Vertical  exchanges  of  materials  across  such  density 
boundaries  are  greatly  reduced  because  energy  must  be  used  to 
overcome  the  differences  in  fluid  weights. 
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Nebert  (1984)  illustrates  profiles  of  the  vertical 
distribution  of  density  at  a station  approximately  in  the  middle 
of  the  main  basin.  The  depths  of  the  pycnocline  in  Table  3-5  are 
derived  from  these  profiles.  The  depths  indicate  the  approximate 
transition  between  more  or  less  homogeneous  deep  waters  and 
surface  waters. 

The  Fiord  Model.  A model  of  Boca  de  Quadra  fjord  circulation 
was  developed  by  Kowalik  (1984)  in  order  to  investigate  suspended 
sediments  and  their  spatial  distribution  in  the  fjord.  Because 
the  natural  diffusion  rates  of  sediments  within  the  water  column 
are  low,  it  takes  months  to  reach  "equilibrium"  conditions.  The 
fjord  circulation  patterns  changes  in  time  scales  of  months; 
consequently,  there  may  never  be  a steady-state  suspended 
distribution  of  sediments  due  to  mill  tailings.  Because  of  the 
long  times  involved,  the  model  must  average  over  independent 
events  and  extremes,  yet  be  faithful  to  long-term  trends. 

To  meet  these  objectives,  Boca  de  Quadra  was  simulated  by 
its  average  cross-channel  conditions,  its  vertical  structure,  and 
the  water  masses  at  its  extrema  that  drive  the  circulation. 

Winds  were  not  included  in  the  circulation  model.  It  cannot  be 
expected  that  models  constructed  within  these  constraints  will  be 
accurate  in  detail;  rather,  their  purpose  is  to  detect  general 
trends  and  compare  general  trends  with  assumptions. 

All  numerical  models  need  to  be  calibrated  against  some 
measurements.  The  calculated  salinity  distribution  was 
evaluated  relative  to  observations,  and  model  parameters  were 
adjusted  to  produce  best  fits.  With  these  model  parameters, 
distributions  of  fine  particulates  could  be  simulated.  Because 
winter  observations  were  too  sparse,  no  meaningful  model  of 
winter  conditions  could  be  derived.  The  pycnocline  tends  to  be 
deeper  in  winter,  which  both  hinders  intrusions  of  fines  towards 
the  surface  water  from  deep  slumpages  and,  at  the  same  time, 
makes  it  easier  for  suspended  sediments  created  in  shallower 
waters  to  get  into  and  remain  in  the  surface  waters.  A discharge 
directly  to  the  middle  basin  of  Boca  de  Quadra  would  minimize  the 
chance  of  suspended  sediments  getting  into  the  upper  water  column 
during  winter  months  because  the  major  sources  of  turbidity 
(slumping  and  perhaps  resuspension  under  certain  conditions) 
would  occur  at  greater  depths. 

Model  simulations  (Kowalik  1984)  were  reported  for  four 
conditions : 

1)  A density-driven  flow  (summer  conditions)  and  a source 
of  tailings  distributed  along  the  bottom  from  the  inner 
sill  to  the  deepest  part  of  the  middle  basin. 
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Table  3-5.  Pycnocline  Depths  in  Boca  de  Quadra 


DATE 

PYCNOCLINE  : 

August  82 

50  m 

October  82 

100  m 

November  82 

130  m 

December  82 

130  m 

January  83 

140  m 

January  83 

140  m 

March  83 

140  m 

April  83 

16  0 m 

June  83 

50  m 

June  83 

30  m 

July  83 

50  m 

October  83 

80  m 

a These  depths  give  the  lower  end  of  the  strongest  gradient. 
SOURCE:  Nebert  1984 
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2)  A density-  and  tidally-driven  flow  (summer  conditions) 
and  a source  of  tailings  distributed  along  the  bottom 
from  the  inner  sill  to  the  deepest  part  of  the  middle 
basin. 

3)  A density-  and  tidally-driven  flow  (summer  conditions) 
and  a source  of  tailings  distributed  along  the  bottom 
of  the  inner  basin. 

4)  A density-  and  tidally-driven  flow  (summer  conditions) 
in  a fjord  whose  geometry  is  that  anticipated  of  Boca 
de  Quadra  after  55  years  of  discharge  to  the  middle 
basin.  The  source  of  tailings  was  distributed  along 
the  bottom  from  the  inner  sill  to  the  deepest  part  of 
the  middle  basin. 

In  the  discussion,  contours  of  50,  10,  1,  and  0.1  percent  of 
the  bottom  concentration  of  suspended  particulates  are 
illustrated.  The  model  predictions  reflect  temporally  and 
spatially  average  concentrations  across  the  fjord,  and  not 
episodic  events  such  as  slumping  or  localized  high  concentrations 
such  as  those  above  turbidity  flows  (Figure  3-7) . As  shown  in 
Figure  3-7,  sediment  concentrations  near  the  bottom  range  from 
200-2,000  mg/1  at  a distance  of  1,000  m (3,300  ft)  from  the 
outfall.  Using  a value  of  600  mg/1,  for  example,  the  contours 
would  correspond  to  concentrations  of  300,  60,  6,  and  0.6  mg/1. 

In  general,  natural  surface  sediment  concentrations  of 
particulate  matter  do  not  exceed  1-2  mg/1  except  for  periods  of 
high  river  discharge  (Burrell  1983,  p.  3-10).  Below-sill-depth 
particulate  concentrations  are  nearly  uniform  throughout  the  year 
with  values  of  about  0.3  mg/1. 

The  simulations  of  suspended  sediment  concentrations  are 
similar  for  model  runs  1 and  2.  Both  show  concentrations  of  50 
percent  reaching  upward  to  depths  of  about  110  m (360  ft)  over 
the  inner  half  of  the  middle  basin  and  entirely  over  the  inner 
basin  after  82  days  of  operation.  The  inner  sill  in  the 
circulation  model  is  at  a depth  of  130  m (430  ft)  rather  than  110 
m (Table  3-1) , thus  this  level  of  suspended  sediment 
concentration  is  predicted  to  exist  at  about  the  depth  of  the 
inner  sill.  Both  simulations  indicate  that  any  material  passing 
over  the  Kite  Island  sill  would  have  concentrations  in  the  1-0.1 
percent  range. 

In  the  third  simulation  the  source  of  the  tailings  was 
confined  to  the  inner  basin.  In  this  case,  the  model  indicated 
that  virtually  all  concentrations  above  0.1  percent  of  the 
suspended  material  stayed  above  the  inner  basin.  Any  suspended 
material  leaving  to  the  outer  basin  would  have  sediment 
concentrations  at  natural  background  levels.  The  model  predicts 
little  circulation  within  the  inner  basin,  which  is  why  the 
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sediments  are  not  advected  away  from  their  source.  The  model 
predicts  weak  inflowing  velocities  to  the  inner  basins  at  sill 
depth  and  a stagnant  water  layer  above  the  inner  sill  at  depths 
between  50-90  m (160-290  ft).  Outflow  of  water  occurs  in  a thin 
layer  between  30-50  m (100-160  ft)  deep.  Settling  velocities  for 
suspended  sediments  were  less  than  0.01  cm/sec  in  the  numerical 
calculations,  yet  these  small  velocities  must  be  sufficient  to 
prevent  suspended  particulates  from  reaching  the  depth  of  the 
outflowing  waters  from  the  inner  basins. 

The  fourth  simulation  indicates  suspended  sediment 
concentrations  similar  to  the  first  two  experiments. 

The  model  does  not  include  tidal  currents.  In  the  middle 
and  outer  basins,  tide  currents  will  not  have  a large  effect  on 
the  distribution  of  properties  predicted  by  the  numerical  model 
because  the  horizontal  changes  in  the  properties  are  small  when 
compared  with  the  semidiurnal  tidal  excursions.  The  calculations 
indicate  large  gradients  of  suspended  particulates  across  the 
inner  sill.  The  effect  of  tides  would  be  to  smooth  such 
gradients  and  promote  sediment  flux  into  the  middle  basin.  In 
the  absence  of  mixing,  the  effect  of  tidal  excursions  will  be 
only  a periodic  displacement  of  material.  Mixing,  added  to  the 
tide  displacement,  results  in  a flux  of  material  in  the  direction 
of  decreased  concentrations.  The  magnitude  of  this  flux  will  be 
small  compared  to  the  advective  currents  used  in  the  model  in  the 
middle  and  outer  basins  where  gradients  of  suspended  sediments 
are  small.  Over  the  inner  sill,  however,  the  mechanism  could 
dominate  model  currents.  Cross-channel  variations  in  tidal 
currents  and  mean  flows  could  also  add  to  dispersion  of  suspended 
materials.  For  these  reasons,  the  numerical  model  may  be 
underestimating  dispersal  of  suspended  sediments.  The  Kowalik 
(1984)  report  does  not  specify  the  value  for  horizontal 
diffusivity  that  was  used  in  the  calculations  or  whether  it  was 
constant  at  all  locations  in  the  fjord.  It  might  be  necessary  to 
assume  different  horizontal  dif fusivities  over  the  sills  and 
within  the  basins. 

In  an  effort  to  re-examine  the  concentration  of  suspended 
solids  and  the  rise  of  a turbid  plume  in  Boca  de  Quadra, 
Findikakis  and  Ryan  (pers.  comm.)  provided  rough  calculations  to 
U.S.  Borax.  The  calculations,  however,  must  be  interpreted 
broadly  because  they  assume  a quiescent  environment  and  a 
freshwater  plume.  Both  factors  would  result  in  higher  plume 
rises  than  expected  in  Boca  de  Quadra.  The  calculations  indicate 
the  highest  point  at  which  vertical  velocity  goes  to  zero  will 
occur  at  the  inner  sill  at  about  10  m (33  ft)  below  the  water 
surface.  High  rises  were  also  noted  for  stations  in  the  inner 
basin.  In  contrast,  the  maximum  rise  in  the  middle  basin  was  to 
a depth  of  100  m (330  ft) . 
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Smeaton  Bay 


Circulation.  The  general  hydrographic  features  of  Smeaton 
Bay  have  been  described  by  Nebert  (1985) . There  was  less 
analysis  of  the  data  for  Smeaton  Bay  than  Boca  de  Quadra  and 
there  has  been  less  interpretation  of  the  information  than  for 
Boca  de  Quadra.  It  is,  therefore,  not  possible  to  be  as  specific, 
particularly  with  regard  to  current  meter  observations.  Because 
there  is  only  one  sill  isolating  Smeaton  Bay  from  coastal  waters, 
the  bay's  annual  water  circulation  cycle  is  likely  to  be  simpler 
than  Boca  de  Quadra's.  Data  limitations  include  inability  to 
address  cross-channel  variability,  annual  variability,  and 
vertical  movements  of  currents.  The  mass  balance  between 
observed  flows  near  the  surface  and  flows  at  depth  near  the  head 
of  Wilson  Arm  cannot  be  accounted  for  with  existing  data. 

The  tide  range  in  the  fjord  is  from  5-7  m (16-23  ft) . The 
dominant  current  in  Smeaton  Bay  is  caused  by  the  semidiurnal 
lunar  tide.  Currents  can  reach  1 knot  in  the  vicinity  of  the 
outer  sill.  The  tidal  currents  are  the  most  dynamic  flows  in  the 
fjord;  however,  net  transports  of  water  are  related  to  average 
flows  over  many  tide  cycles.  The  average  currents  are  much 
smaller  than  peak  tidal  currents,  making  it  difficult  to  infer 
mean  circulation  patterns  from  isolated  observations  of  currents. 
Therefore,  circulation  patterns  are  inferred  from  observations  of 
water  characteristics  within  the  fjord. 

Deep  waters  are  replenished  in  Smeaton  Bay  during  about  a 6 
month  period.  This  contrasts  with  the  middle  and  inner  basins  of 
Boca  de  Quadra,  where  replenishment  takes  place  during  a period 
of  3-4  months.  The  difference  in  duration  of  replenishment  is 
due  to  the  deeper  sill  at  the  mouth  of  Smeaton  Bay  which  allows 
deep  water  renewal  to  begin  earlier  (as  the  pycnocline  rises)  and 
last  longer.  The  process  of  deepwater  renewal  is  similar  to  that 
of  Boca  de  Quadra.  A typical  annual  cycle  for  the  fjord  is 
characterized  by  a weak  stratification  of  the  deep  waters  in  the 
basins  in  winter.  As  summer  approaches,  dense  (cold  and  saline) 
waters  begin  to  rise  in  Behm  Canal  to  the  depth  of  the  outer 
sill.  When  they  reach  sill  depth,  they  flow  over  the  sill  at 
flood  tide  and  replenish  the  less  dense  waters  which  existed  at 
depth . 

Influx  at  sill  depth  of  denser  water  from  Behm  Canal  with  the 
flood  tides  produces  density  currents  over  the  sill  and  upfjord 
along  the  bottom  of  Smeaton  Bay,  uplifting  the  deep  water  and 
driving  the  outflow.  This  third  layer  in  the  current  scheme 
usually  persists  from  May  until  late  September  when  coastal 
downwelling  commences  and  the  influx  at  sill  depth  ceases. 

Current  velocities  of  30-60  cm/sec  are  common  at  the  sill,  with 
peak  velocities  exceeding  this  (Nebert  1985,  p.  26) . Deep 
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outflow  velocities  are  higher  than  near  surface  inflow  because 
the  V-shape  fjord  constricts  the  outflow  to  a small  cross- 
sectional  area,  increasing  speeds. 

Smeaton  Bay  exhibits  a continual  inflow  of  near-surface 
waters  throughout  the  year.  During  the  winter,  the  waters 
entering  from  Behm  Canal  into  the  fjord  are  warmer  and  of  lower 
salinity  than  the  waters  in  Smeaton  Bay.  Assisted  by  processes  of 
horizontal  advection,  this  surface  intrusion  penetrates  the 
entire  length  of  Smeaton  Bay  and  remains  a distinct  feature  at 
the  head  of  the  fjord  in  Wilson  Arm  throughout  the  winter. 

Surface  inflow  from  the  Wilson  and  Blossom  Rivers  produces  a 
shallow  stratification,  helping  to  insulate  the  warmer  waters 
below  from  vertical  mixing.  This  feature  disappears  in  the 
summer. 

Generalized  circulation  features  for  the  deepwater  renewal 
and  non-deepwater-renewal  periods  are  shown  in  Figure  3-11.  The 
features  presented  in  this  figure  are  schematic  and  cannot  be 
interpreted  as  the  flow  at  any  given  time. 

The  circulation  in  Smeaton  Bay  is  unlike  that  of  the 
classical  fjord.  Temperature  and  salinity  observations  indicate 
a pattern  of  upper-level  inflow  and  sill-depth  outlow  over  much 
of  the  year.  Nebert  (1984)  suggested  that  freshwater  inflow  to 
the  fjord  is  too  small  relative  to  the  tidal  flow  to  drive  a 
circulation  typical  of  most  fjords.  The  tide  flow  is  measured  by 
the  tidal  prism,  which  is  the  volume  of  water  needed  to  fill  the 
fjord  during  the  rise  of  the  tide.  Freshwater  inflow  is  probably 
less  than  5 percent  of  the  tidal  prism  even  during  high  discharge 
episodes.  The  driving  force  for  upper-water  circulation  is 
thought  to  be  brackish  water  derived  from  coastal  British 
Columbia.  This  water  moves  northward  up  Behm  Canal  to  the  mouth 
of  Smeaton  Bay.  Upon  entering  the  fjord,  these  surface  waters 
respond  to  freshwater  input,  winds,  and  along-fjord  density 
differences . 

Under  normal  conditions,  the  upper  100  m (330  ft)  of  the 
water  column  has  the  largest  vertical  density  gradient.  Local 
processes  such  as  solar  heating  and  fresh  water  inflow,  together 
with  deepwater  renewal  events,  strengthen  the  density  gradient  in 
the  upper  water  column.  The  summer  pycnocline  at  depths  of  60- 
100  m (200-330  ft)  will  strongly  resist  any  upward  movement  of 
basin  waters  into  the  surface  layers.  Stratification  is  highest 
in  August  and  September  (Nebert  1983,  p.  9).  During  the  winter, 
the  intrusion  of  warm  and  fresh  water  from  Behm  Canal  usually 
maintains  a weaker  but  still  significant  upper-layer 
stratification . 


69 


Note: 


Bold  arrows  are  supported  by  measurement;  light  arrows 
surmised. 


CURRENT  PATTERNS  IN  SMEATON  BAY 


are 


FIGURE 

3-11 


SOURCE:  Nebert  1985,  p.  60 
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Bottom  Currents.  Bottom  currents  are  of  particular  interest 
in  Smeaton  Bay  because  of  their  potential  for  resuspending  and 
redistributing  tailings  deposits.  The  important  factors  are  the 
same  as  for  Boca  de  Quadra. 

As  anticipated  from  previous  studies  in  Boca  de  Quadra, 
strong  currents  have  been  found  at  the  entrance  sill.  Tidal 
currents  often  have  speeds  in  the  20-50  cm/sec  range  at  sill 
depth  and  above.  There  is  a tendency  for  higher  peak  currents 
during  the  summer-fall  period.  Because  of  frequent  high 
velocities,  the  sill  is  likely  to  remain  clean  of  fine-grained 
sediments. 

Bottom  current  velocities  exceeding  20  cm/sec  have  been 
observed  in  several  locations  in  Smeaton  Bay.  Most  of  these 
currents  are  associated  with  the  sills  during  strong  tides; 
however,  high  bottom  currents  have  been  observed  in  the  basin 
during  deepwater  renewal  periods.  During  these  periods,  density 
flows  moved  down  the  upfjord  escarpment  of  the  outer  sill  and 
extended  into  the  basin.  On  the  escarpment,  currents  in  excess 
of  30  cm/sec  were  recorded  by  Nebert  (1985,  p.59). 

During  the  deepwater  renewal  period,  inflowing  currents  of 
10-30  cm/sec  were  observed  (Nebert  1985,  p.  59)  on  the  inner 
slope  of  the  sill  at  a depth  of  185  m (600  ft) . During  the 
initial  years  of  discharge,  such  currents  would  not  be  of  much 
concern.  However,  during  later  years  of  mine  operations,  when 
tailings  deposits  have  begun  to  encroach  on  the  sill  escarpment, 
the  bottom  currents  could  inhibit  accumulation  of  tailings  and 
increase  suspended  sediment  concentrations  in  the  overlying  water 
column.  During  deepwater  renewal,  currents  on  the  upfjord 
escarpment  of  the  minor  sill  6 km  upfjord  were  in  excess  of  30 
cm/sec  with  maxima  to  45  cm/sec  (Nebert  1985,  p.  27) . Current 
peaks  attributed  to  renewal  inflow  during  flood  tide  at  the  minor 
sill  lagged  10-11  hrs  behind  events  at  the  outer  sill.  Average 
bottom  velocities  for  renewal  inflow  propagation  between  sills 
along  the  bottom  of  the  fjord  would  need  to  be  at  least  15 
cm/sec.  The  slight  constriction  at  the  minor  sill  is  the 
probable  cause  for r increases  in  speed  at  the  sill  over  the 
upfjord  propagation  speed,  since  the  deep  sill  depth  has  not  been 
shown  to  generate  any  density  gradient  between  sub-basins  on 
either  side. 

Bottom  currents  in  Wilson  Arm  were  only  measured  over  one 
winter  season;  however,  the  beginning  and  end  of  the  deepwater 
renewal  period  is  apparently  included.  The  flow  is  primarily 
downfjord  in  winter  with  speeds  in  excess  of  20  cm/sec  and  peaks 
to  40  cm/sec  (Nebert  1985,  p.  18) . Limited  data  were  collected 
during  the  summer  renewal  period  although  indications  are  that 
flow  is  primarily  upfjord.  Upfjord  current  speeds,  although 
critical  in  deposition/resuspension  of  tailings  and  plume 
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behavior  in  Wilson  Arm,  are  speculative.  The  causes  of  these 
observations  are  not  known,  so  it  is  uncertain  what  impact 
filling  the  basin  with  tailings  will  have  on  currents. 

Winds.  Wind  records  for  the  Smeaton  Bay  fjord  system  are 
limited  to  an  8 month  record  taken  during  the  winter  of  1980- 
1981.  The  winds  were  seldom  in  excess  of  5 m/sec  (10  knots)  in 
the  upfjord  direction.  The  winds  frequently  exceeded  10  m/sec 
(20  knots)  in  the  downfjord  direction. 

During  winter,  the  dominant  wind  direction  is  downfjord,  and 
most  strong  wind  events  last  less  than  one  to  a few  days.  Two 
prolonged,  distinct  events  (longer  than  a week)  were  observed 
during  December  1980,  however.  The  frequency  of  downfjord  winds 
appears  to  moderate  and  switch  to  weaker  upfjord  winds  in  May. 
Since  May  was  the  end  of  the  record,  no  general  conclusions  may 
be  drawn  concerning  summer  winds. 

In  spite  of  the  downfjord  winds  during  winter,  the  upper 
water  column  current  meters  deployed  in  the  fjord  suggest  that  an 
upfjord  net  flow  is  prevalent.  The  upper  water  column  current 
measurements  were  made  from  depths  of  13  m (40  ft)  and  deeper; 
therefore,  it  is  possible  that  they  would  miss  a wind-driven 
surface  circulation.  The  data  suggest  that  upwelling  is  not 
likely,  but  the  data  to  verify  this  (particularly  during 
deepwater  renewal  in  summer)  are  not  available. 

Pvcnocline  Depths.  Nebert  (1985)  illustrates  profiles  of  the 
vertical  distribution  of  density  at  a station  approximately  in 
the  middle  of  the  main  basin.  The  depths  of  the  pycnocline  in 
Table  3-6  are  derived  from  these  profiles.  Table  3-6  indicates 
the  approximate  depth  of  the  transition  between  more  or  less 
homogeneous  deep  waters  and  surface  waters. 

The  Fiord  Model.  A model  of  fjord  circulation  was  developed 
by  Kowalik  (1984)  and  adapted  to  Smeaton  Bay  by  Kowalik  and 
Findikakis  (1985)  in  order  to  investigate  suspended  sediments  and 
their  spatial  distribution  in  the  fjord.  Model  limitations  are 
the  same  as  noted  for  Boca  de  Quadra. 

Model  simulations  were  reported  for  the  following  conditions: 

o The  fjord  circulation  model  was  run  for  the  96-day 

period  from  11  June  - 15  September  1981.  This  is  the 
time  period  for  which  there  is  the  best  field 
information. 

o The  model  was  used  for  two  cases:  density-driven 

circulation  and  density-driven  plus  tidal  inflow  at  the 
outer  sill.  The  density-driven  case  with  tides 
resulted  in  the  closest  agreement  to  field  data  for 
salinity  distributions.  Predicted  near-surface 
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Table  3-6.  Pycnocline  Depths  in  Smeaton  Bay 


DATE  PYCNOCLINE3 


October  79 

115 

November  79 

100 

December  79 

180 

March  80 

125 

June  80 

100 

August  80 

90 

September  80 

100 

October  80 

125 

November  80 

130 

December  80 

175 

February  81 

150 

March  81 

7 

April  81 

100 

May  81 

100 

June  81 

100 

July  81 

90 

August  81 

60 

September  81 

120 

m 

m 

m (uniform  weak  gradient  above) 

m (weak  pycnocline) 

m 

m 

m 

m 

m 

m and  130  m 
m 

(no  distinct  pycnocline) 
m 
m 
m 
m 
m 
m 


3 These  depths  give  the  lower  end  of  the  strongest  gradient. 
SOURCE:  Nebert  1985 
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salinity  distributions.  Predicted  near-surface 
salinity  concentrations  for  Smeaton  Bay  are  improved 
over  those  ODtained  for  Boca  ae  uuadra,  which  were 
somewhat  lower  than  observations. 

o The  model  was  run  to  simulate  a source  of  suspended 
fines  from  a density  current  created  by  a discharge 
at  the  head  of  the  fjord  in  Wilson  Arm.  The  source 
concentration  was  distributed  between  the  outfall  and 
the  aownf jord  end  of  the  deep  sub-basin  existing  at 
the  junction  of  Wilson  and  Bakewell  Arms. 

Percentage  contours  for  suspended  particulate  concentrations 
were  as  noted  for  Boca  de  Quadra,  i.e.,  50,  10,  1,  and  0.1 
percent  of  the  bottom  concentration. 

The  model  predicted  average,  cross-fjord  0.1  to  1 percent 
concentration  contours  reaching  to  60  m (200  ft)  below  the 
surface,  i.e.,  0.6  - 6.0  mg/l  for  assumed  bottom  concentrations 
of  600  mg/l  of  less  than  10  urn  particles.  The  model 
predictions  reflect  temporally  and  spatially  averaged 
concentrations,  and  not  episodic  events  such  as  slumping  or 
localized  high  concentrations  such  as  those  above  turbidity 
flows  (Figure  3-7).  Concentrations  reached  a peak  at  about  80 
days  into  the  model  run,  after  which  the  plume  began  to  recede 
slightly  back  toward  the  bottom,  evidently  as  a result  of 
changes  in  deepwater  renewal.  The  modeling  effort  by  EPA 
(1988)  suggests  winter  concentrations  in  Smeaton  Bay  near  the 
end  of  the  project  as  high  as  12  mg/l  at  a depth  of  60  m. 

The  Kowalik  and  Findikakis  (1985)  model  predicts  outward 
transport  of  fines  across  the  outer  sill  into  Behm  Canal  during 
the  entire  simulation  period.  The  concentration  of  the  exiting 
plume  is  6-60  mg/l  based  on  bottom  fines  concentration  of  600 
mg/l,  respectively.  This  outflow  of  sediments  occurs  with  the 
waters  that  flow  out  to  compensate  for  the  water  filling  the 
deep  basin. 


Energy  Considerations 

Vertical  transport  of  suspended  materials  into  the  upper 
water  column  is  significantly  influenced  by  the  density  of 
water  at  various  depths.  Strong  density  gradients  require 
large  amounts  of  energy  to  be  overcome  compared  to  weak  density 
gradients.  The  amount  of  energy  necessary  to  transport  more 
dense  deep  water  to  less  dense  surface  water  can  be  used  to 
compare  the  probabilities  of  vertical  movement  of  suspended 
fines . 


Jones  & Stokes  Associates  (1988)  obtained  oceanographic 
and  meteorological  data  collected  in  Boca  de  Quadra  and  Smeaton 
Bay  by  the  University  of  Alaska  Institute  of  Marine  Sciences. 
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Salinity,  temperature,  and  density  (STD)  data  were  used  to 
compare  the  two  fjord  systems  with  respect  to  the  amount  of 
work  required  to  bring  water  of  a density  equal  to  that  of  the 
bottom  (or  near-bottom)  water  to  a depth  of  50  m.  A reference 
level  of  50  m was  chosen  in  order  to  minimize  the  effects  of 
wind-generated  stress  on  water  transport.  It  is  assumed  that 
particulates  that  reach  as  high  as  50  m are  likely  to  penetrate 
higher  into  the  water  column  because  of  the  mixing  in  this 
upper  surface  layer.  This  work  is  a measure  of  the  energy 
required  by  fluid  turbulence  to  bring  bottom  water,  and  its 
suspended  fines,  to  the  near-surface  waters.  The  measure  of 
energy  is  unaffected  by  internal  waves  because  they  only  alter 
the  vertical  location  of  a density  surface  and  hence  have  less 
statistical  fluctuation  than  does  the  Brunt- Vaisala  frequency 
at  a given  depth.  In  addition,  the  calculation  includes  a 
measure  of  the  depth  of  the  water  and  hence  the  proximity  of 
tailings  turbidity  layers  to  the  surface  waters. 

The  STD  data  were  used  to  estimate  the  amount  of  energy 
necessary  to  raise  bottom  water  (and  its  associated 
particulates)  under  pre-discharge  conditions  and  from  the  new 
bottom  (after  55  years  of  discharge)  to  the  50  m isobath.  A 
critical,  untestable  assumption  is  that  the  density  structure 
of  the  water  column  by  season  remains  unchanged  from  pre-  to 
post-discharge  conditions.  Although  this  assumption  cannot  be 
verified,  it  is  believed  that  a comparison  of  the  relative 
merits  (and  risks)  of  the  two  fjord  systems  can  be  made  by 
comparing  the  amount  of  energy  necessary  to  elevate 
particulates  from  deep  water  to  the  50  m isobath. 

The  initial  run  of  the  energy  calculations  used  the 
density  at  the  deepest  point  at  which  density  was  recorded  on 
the  cast.  The  calculations  were  made  for  each  cast  at  each 
station.  Since  the  difference  in  density  between  the  deepest 
density  measurement  and  50  m varies  by  cast,  the  amount  of 
energy  necessary  to  raise  the  particle  to  the  reference  depth 
of  50  m will  also  vary.  In  a few  cases,  density  data  were  not 
collected  below  50  m.  These  casts  were  deleted  from  the 
analysis  since  no  energy  would  be  needed. 

The  output  of  the  sediment  deposition  model  developed  for 
U.S.  Borax  was  used  to  estimate  the  new  depth  of  the  bottom  at 
each  of  the  stations  at  which  density  data  were  collected  by 
the  University  of  Alaska.  Diagrams  prepared  by  Ryan  (1985a) 
for  Boca  de  Quadra  and  Smeaton  Bay  (Ryan  1985b)  show 
approximate  bottom  topography  after  55  years  of  discharge. 

For  the  post-discharge  energy  calculations,  it  was  assumed 
that  the  density  structure  of  the  water  column  above  the  new 
bottom  would  be  identical  to  pre-discharge  conditions.  There 
is  no  way  to  test  this  assumption  as  there  is  no  known  physical 
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oceanography  study  of  a basin-and-sill  fjord  that  has  been 
turned  into  a basinless  fjord.  It  is  probably  reasonable  to 
assume,  nowever,  that  at  least  for  the  middle  basin  of  Boca  de 
Quadra  the  assumption  is  valid  since  the  total  below-sill 
volume  of  the  basin  is  much  greater  than  the  total  volume  of 
tne  discharge. 

Comparison  of  pre-discharge  and  post-discharge  energy 
calculations  is  shown  on  a seasonal  basis  in  Table  3-7.  The 
table  reports  mean  values  (and  standard  deviation)  of  the 
energy  calculations  (in  joules)  for  January,  April,  July,  and 
OctoDer  STD  data  (Jones  & Stokes  Associates  1988)  for  all 
years.  For  the  middle  basin  of  Boca  de  Quadra,  comparison  is 
made  between  the  means  of  the  calculations  for  station  BQ5 
only,  reflecting  conditions  in  the  upper  reach  of  the  middle 
basin  where  sediment  deposition  is  expected  to  measurably  alter 
bottom  depth.  For  the  purpose  of  this  comparison.  Station  BQ4, 
located  on  the  inner  sill,  is  assumed  to  reflect  nearby 
conditions  in  the  inner  basin  and  is  combined  with  Station  BQ3 
to  form  the  basis  for  inner  basin  calculations.  Observations  at 
Stations  SBO  and  SB1  are  combined  for  Smeaton  Bay,  as  are 
Stations  WA1  and  WA2  for  Wilson  Arm.  The  number  of 
observations  at  the  combined  stations  in  each  basin  for  each 
month  is  recorded  as  "N". 

Table  3-7  shows  a decrease  in  the  amount  of  energy 
necessary  to  raise  a neutrally  buoyant  particle  from  near 
bottom  to  a reference  depth  of  50  m from  pre-  to  post-discnarge 
conditions.  This  decrease  in  the  amount  of  energy  is  an 
indicator  of  the  decline  in  the  basin's  ability  to  keep 
suspended  solids  from  entering  the  upper  50  m of  the  water 
column.  As  would  be  expected,  conditions  change  the  least  in 
the  middle  basin  of  Boca  de  Quadra  and  most  in  the  inner 
basin.  Changes  in  winter  conditions  in  Smeaton  Bay  and  Wilson 
Arm  are  also  large,  but  intermediate  in  magnitude  and  absolute 
value  between  the  inner  and  middle  basins  of  Boca  de  Quadra. 


Suspended  Solids  Advection 


Boca  de  Quadra 


The  discharge  of  mill  tailings  into  either  the  middle  or 
inner  basin  would  result  in  increased  concentrations  of 
suspended  particulates  up-fjord  of  the  Kite  Island  sill.  In 
later  years  of  the  project,  however,  a discharge  to  the  middle 
basin  will  result  in  the  transport  of  some  suspended  tailings 
into  the  outer  basin  of  Boca  de  Quadra.  Vigorous  upper  level 
circulation  of  the  outer  basin  would  dilute  the  suspended 
tailings  before  they  reach  Revillagigedo  Channel.  Except  for 
trace  amounts  of  mill  tailings,  materials  discharged  into  Boca 
de  Quadra  would  remain  within  the  fjord. 
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Table  3-7.  Comparison  of  mean  energy  calculations  for  pre-  and 
post-discharge3 . 


Boca  de  Ouadra 

Middle  Basin 

(uDDer  reach} 

Jan 

Apr 

Jul 

Oct 

N 

3 

4 

3 

7 

pre-discharge 

870  (80) 

610  (120) 

340  (210) 

490  (80) 

post-discharge 

760  (90) 

540  (110) 

280  (160) 

420  (80) 

Boca  de  Ouadra 

Inner  Basin 
Jan 

Apr 

Jul 

Oct 

N 

2 

7 

7 

7 

pre-discharge 

170  (170) 

120  (100) 

100  (40) 

230  (120) 

post-discharge 

50  (30) 

20  (20) 

50  (20) 

110  (70) 

Smeaton  Bav 

Jan 

Apr 

Jul 

Oct 

N 

4 

5 

4 

15 

pre-discharge 

1,100  (40) 

470  (70) 

300  (60) 

860  (110) 

post-discharge 

330  (40) 

240  (40) 

220  (40) 

590  (120) 

Wilson  Arm 

Jan 

Apr 

Jul 

Oct 

N 

5 

5 

4 

32 

pre-discharge 

330  (200) 

240  (40) 

230  (40) 

620  (160) 

post-discharge 

80  (40) 

120  (50) 

170  (30) 

180  (100) 

a All  values  in  joules.  Values  in  parentheses  are  standard 
deviation;  sample  size  (STD  casts)  is  "N" . 
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Inner  Basin  Discharge.  The  numerical  model  results 
suggest  that,  during  the  first  years  of  mine  operations  when 
tailings  are  filling  the  inner  basin,  the  suspended  sediments 
initially  would  be  confined  to  the  vicinity  of  the  inner 
basin.  The  details  of  the  numerical  calculations  may  not  be 
exact;  however,  the  trends  indicated  by  the  calculations  are 
likely  to  be  correct.  After  the  inner  basin  has  filled  with  the 
tailings,  an  inner  basin  discharge  would  behave  similar  to  a 
middle  basin  discharge,  i.e.,  suspended  materials  would  be 
found  in  both  basins.  The  numerical  model  suggests  that  higher 
concentrations  of  suspended  materials  would  be  found  at 
shallower  depths  in  the  inner  basin  from  an  inner  basin 
discharge  than  from  a middle  basin  discharge.  Filling  the 
inner  basin  to  a depth  of  bO  m (260  ft),  which  is  above  the 
depth  of  the  Kite  Island  sill,  would  place  the  more  dense 
turbidity  zones  within  the  seasonal  range  of  the  pycnocline.  A 
protective,  dense  layer  of  water  cannot  be  maintained  at  this 
shallow  depth  when  the  coastal  pycnocline  falls  below  sill 
depth  during  the  winter. 

Middle  Basin  Discharge.  The  inner  sill  has  a maximum 
depth  of  110  m (360  ft)  and  the  fjord  rapidly  deepens  seaward 
of  this  sill.  Once  a channeled  flow  has  been  established, 
there  is  little  likelihood  that  large  quantities  of  tailings 
will  be  transported  from  a middle  basin  discharge  into  the 
inner  basin. 

Certainly  the  bulk  of  the  discharge  will  flow  to  depths  in  the 
middle  basin  far  below  that  of  the  inner  sill  depth  and 
therefore  can  never  be  brought  to  the  inner  basin.  The  only 
tailings  that  could  affect  the  inner  basin  are  tailings  put 
into  suspension.  Tailings  discharge  to  the  middle  basin  would 
result  in  a wider  dispersal  of  suspended  materials  than  the 
first  few  years  of  inner  basin  discharge.  The  great  depth  of 
sediment  deposition  and  mass  movement  relative  to  sill  depth 
will  probably  result  in  confinement  of  suspended  particulates 
to  the  middle  basin,  with  the  possible  exception  of  deepwater 
renewal.  Thus,  levels  of  suspended  particulates  could  be  high 
in  deeper  waters  of  the  middle  basin  because  of  poor  or 
infrequent  flushing.  Concentrations  of  suspended  sediments  in 
the  inner  basin  and  the  inshore  part  of  the  outer  basin  also 
would  be  elevated  above  current  background.  But  since  most 
slumping  of  tailings  would  occur  at  depths  in  the  middle  basin, 
the  readjustment  processes  in  the  deposited  tailings  does  not 
represent  a major  source  of  sediments  at  the  depth  of  the  inner 
sill . 


Suspended  tailings  at  the  depth  of  the  inner  basin  sill  as 
a result  of  discharge  to  the  middle  basin  could  be  as  high  as 
50  percent  of  the  concentration  near  the  bottom  (Kowalik  1984). 
If  this  concentration  persisted  throughout  the  year,  fine 
tailings  settling  within  the  inner  basin  could  produce  a 


78 


significant  deposition  rate.  Assuming  a steady-state  suspended 
tailings  concentration  of  100  mg/1,  Ryan  (pers.  comm.) 
estimated  a deposition  rate  of  30  cm/yr.  The  fjord  circulation 
model  was  run  only  for  summer  conditions,  and  winter  flow  into 
the  inner  basin  is  less  than  summer  inflow.  If  Ryan's 
calculation  is  taken  for  half  a year,  then  the  sedimentation 
rate  would  be  15  cm/yr.  The  estimate  was  based  on  the  fjord 
circulation  model  for  10  urn  particles  and  assumed  a dry  density 
of  settled  tailings  of  613  kg/m^  (50  lo/ft^),  which  may  be 
low  by  a factor  of  two.  To  further  complicate  the  estimate, 
bottom  concentrations  could  range  from  200-2,000  mg/l  (Figure 
3-7  ) . 

The  estimated  lower  bound  assumes  the  inner  basin  receives 
one  annual  replacement  of  water  containing  sediments  at  100 
mg/l.  If  all  of  this  sediment  settled  out,  the  sedimentation 
rate  would  be  4 cm/yr.  The  best  estimate  is  probably  4-15 
cm/yr  of  deposition  in  the  inner  basin.  A study  based  on  core 
samples  obtained  in  Boca  de  Quadra  established  sedimentation 
rates  for  various  locations  in  the  fjord  (Burrell  1983). 

Upf jord  of  the  Kite  Island  sill,  deposition  rates  are  1 cm/yr. 
This  rate  appears  to  have  been  relatively  uniform  for  the  past 
30-40  years.  Sedimentation  rates  in  the  inner  basin  have  been 
estimated  as  an  average  of  0.9  cm/yr.  Thus,  discharge  into  the 
middle  basin  could  result  in  a 4-  to  16-fold  increase  in  the 
rate  of  sedimentation  in  the  inner  basin. 

Thus,  in  summary,  a discharge  into  the  middle  basin  would 
result  in  increased  sedimentation  rates  in  the  inner  basin  and 
part  of  the  outer  basin,  but  would  not  appreciably  affect  their 
depth.  A discharge  into  the  inner  basin  would  initially 
confine  suspended  sediments  to  the  vicinity  of  the  inner 
basin.  A discharge  into  the  inner  basin  would  also  elevate 
sediment  concentrations  near  the  pycnocline  in  the  inner  basin 
more  than  a middle  basin  discharge.  After  the  inner  basin  has 
been  filled,  the  suspended  sediment  patterns  would  not  differ 
from  either  a middle  or  inner  basin  discharge. 

Smeaton  Bay 


Transport  of  fines  out  of  Smeaton  Bay  into  Behm  Canal  is 
projected  to  occur  at  concentrations  of  32-54  mg/l  (EPA  1988). 
As  no  information  is  available  on  the  hydrography/circulation 
of  Behm  Canal,  it  is  not  possible  to  determine  the  ultimate 
fate  of  the  exiting  fines.  During  the  fjord  study  program,  an 
attempt  was  made  to  place  a STD  station  in  Behm  Canal.  Wind  and 
current  conditions  made  it  difficult  to  continue  with  this 
array.  This  suggests  that  sediments  may  be  rapidly  dispersed  in 
the  waters  of  Behm  Canal. 

At  the  end  of  the  project  Smeaton  Bay  would  have  only  a 
small,  shallow  (45  m [150  ftj)  basin  below  sill  depth  to  retain 
dense  water  during  the  summer.  This  will  have  consequences  on 
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the  circulation.  Without  retention  of  upwelled  summer  waters, 
tnere  will  oe  no  winter  outflow  of  water  over  the  outer  sill. 
Without  mean  flows  near  sill  depth  (inward  in  summer,  outward 
in  winter),  the  fjord  circulation  will  be  driven  by  runoff  and 
winds.  Because  runoff  is  weak,  winds  will  increase 
dramatically  in  importance  in  determining  Smeaton  Bay 
circulation.  East  Sound  in  the  San  Juan  Islands  of  Washington 
State  (maximum  depth  30  m [100  ftj)  is  a smaller  scale  example 
of  sucn  an  estuary  (Rattray  1967).  Such  estuaries  are  more 
responsive  to  changing  conditions  at  their  mouths  than 
estuaries  with  a net  outflow  at  depth. 

It  does  not  appear  that  suspended  sediments  will  reach  as 
high  in  the  water  column  in  Smeaton  Bay  as  they  might  in  Boca 
de  Quadra  because  Smeaton  Bay  is  smaller,  communicates  more 
freely  with  outside  waters,  and  has  only  one  deep  outer  sill. 
However,  where  suspended  tailings  are  present  at  comparable 
water  depths  in  both  fjords,  the  concentration  of  suspended 
tailings  in  the  water  column  is  generally  higher  in  Smeaton  Bay 
(EPA  1 988 ) . Tne  flushing  of  suspended  tailings  into  Behm  Canal 
should  be  greatest  in  fall  and  late  in  the  project.  The  fall 
seasonal  peak  in  flushing  occurs  as  the  coastal  pycnocline 
falls  to  and  below  the  depth  of  the  outer  Smeaton  Bay  sill  and 
denser  water  in  Smeaton  Bay  above  sill  level  flows 
down-gradient . 
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Section  4 


COMPOSITION  OF  BIOLOGICAL  COMMUNITIES 


Summary 

Boca  de  Quadra  is  approximately  57  km  (35.5  mi)  long  and  is 
subdivided  by  sills  into  three  basins.  Smeaton  Bay  is 
approximately  20  km  (12  mi)  long  and  is  a single,  undivided  basin 
separated  from  Behm  Canal  by  a sill.  The  biological  communities 
of  both  fjords  are  influenced  by  several  important  abiotic 
factors,  including  the  development  of  a pycnocline  during  spring 
and  summer,  ice  along  the  periphery  of  the  fjord  in  winter,  and 
potential  declines  in  oxygen  levels  in  deep  habitats  in  winter. 

The  spring  phytoplankton  bloom  occurs  between  March  and  early 
May  and  is  closely  followed  by  increased  zooplankton  production. 
Although  primary  production  is  limited  to  depths  above  8-25  m 
(26-82  ft),  several  herbivorous  zooplankton  species  (e.g., 
euphausiids  and  copepods)  important  to  higher  trophic  levels  are 
likely  to  undergo  diurnal  vertical  migrations  between  shallow  and 
mesopelagic  waters.  Copepods  are  the  dominant  zooplankton 
group.  There  are  few  systematic  differences  in  the  spatial 
distribution  of  zooplankton  within  each  fjord.  Copepods  are  more 
abundant  in  the  middle  basin  of  Boca  de  Quadra  than  in  the  inner 
basin;  within  Smeaton  Bay,  copepods  are  least  abundant  at  the 
shallow  heads  of  Wilson  and  Bakewell  Arms.  There  appear  to  be  no 
significant  differences  in  total  primary  phytoplankton 
productivity  or  zooplankton  abundance  between  the  fjords. 

Spatial  variations  in  primary  production  of  phytoplankton  are 
slight  within  both  fjords  and  are  generally  insignificant 
relative  to  temporal  variations.  Boca  de  Quadra  appears  to  be 
generally  more  variable  in  plankton  productivity  and  abundance 
due  to  its  greater  size  and  environmental  heterogeneity. 

Rocky  intertidal,  rocky  subtidal,  soft-bottom  intertidal,  and 
soft-bottom  subtidal  benthic  habitats  occur  in  both  Boca  de 
Quadra  and  Smeaton  Bay.  The  dominant  benthic  habitat  in  terms  of 
area  is  the  subtidal  soft-bottom  habitat,  which  is  characterized 
by  distinct  shallow,  mid-depth,  and  deep  benthic  assemblages.  In 
general,  abundance  of  infauna  (number  of  individuals)  is  greatest 
in  shallow  and  mid-depth  assemblages  of  both  fjords.  The 
economically  important  epifauna  (e.g.,  Dungeness  crab  and  shrimp) 
are  most  abundant  at  the  shallow  depths  and  mid-depths  of  both 
fjords . 

One  of  the  largest  herring  spawning  grounds  in  southeast 
Alaska  (approximately  10-15  percent  of  the  herring  in  southeast 
Alaska)  occurs  at  the  mouth  of  Boca  de  Quadra.  Both  Boca  de 
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Quadra  and  Smeaton  Bay  are  important  rearing  habitats  for  young- 
of-the-year  and  age-1  herring.  Boca  de  Quadra  probably  has 
relatively  greater  density  and  abundance  of  juvenile  herring 
because  of  its  proximity  to  the  major  spawning  ground  and  its 
larger  size.  Overwintering  herring  in  Boca  de  Quadra  are  known 
to  migrate  vertically  from  125-150  m to  the  surface  on  a diel 
basis.  Adult  salmon  are  abundant  in  both  fjords.  The 
tributaries  entering  Wilson  Arm  support  a much  larger  salmon  run 
(1.4  million)  than  tributaries  to  Boca  de  Quadra  (0.4  million). 
The  estuaries  and  nearshore  areas  of  both  fjords  are  also 
important  rearing  habitats  for  juvenile  salmon,  which  occupy  the 
upper  20  m of  the  water  column.  Certain  demersal  fish  species 
(e.g.,  walleye  pollock  and  slender  sole)  are  substantially  more 
abundant  in  shallow  areas  of  Wilson  Arm  and  Boca  de  Quadra  inner 
basins  than  in  deeper  areas  of  Smeaton  Bay  and  Boca  de  Quadra 
middle  basin. 

Harbor  seals  are  the  dominant  marine  mammal  in  the  two 
fjords.  Groups  of  20  and  30  seals  have  been  observed  in  haulout 
areas  in  Boca  de  Quadra.  Other  seals,  sea  lions,  porpoises,  and 
whales  are  transient  visitors.  An  unconfirmed  sighting  of  a 
humpback  whale  in  Boca  de  Quadra  is  the  only  endangered  marine 
mammal  sighting. 

Little  is  known  about  birds  in  open  water  environments  of 
Boca  de  Quadra  or  Smeaton  Bay,  although  the  Keta  River  and  Wilson 
River  estuaries  appear  to  be  important  habitats.  Overwintering 
could  be  an  important  avian  use  of  the  fjords;  but  studies  have 
not  been  conducted  in  the  fjords  during  the  winter. 

In  general,  the  Wilson  Arm  estuary,  the  Keta  River  estuary, 
herring  spawning  grounds  at  the  mouth  of  Boca  de  Quadra,  and  all 
habitats  less  than  100  m (330  ft)  deep  are  important  areas  for 
marine  organisms. 


Introduction 

This  section  provides  an  overview  of  the  biological 
communities,  ecosystem  processes,  and  important  habitats  of  Boca 
de  Quadra  and  Smeaton  Bay.  Potential  physical  and  chemical 
impacts  to  the  biota  are  summarized  in  Section  5.  More  detailed 
descriptions  of  plankton,  benthos,  fish,  mammal,  and  bird 
resources  are  found  in  Appendices  A-E,  respectively. 


Overview  of  Biological  Communities  and  Ecosystems 

Boca  de  Quadra  and  Smeaton  Bay  are  fjords  in  southeastern 
Alaska.  Boca  de  Quadra  is  approximately  57  km  (35.5  mi)  long  and 
is  separated  into  three  basins  by  sills.  The  inner  basin  sill 
rises  to  110  m (360  ft)  from  depths  of  170  m (560  ft) , whereas 
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the  Kite  Island  sill  rises  to  95  m (310  ft)  from  400  m (1,320 
ft).  The  outer  sill  rises  to  85  m (280  ft)  from  375  m (1,230 
ft) . The  Smeaton  Bay  fjord  consists  of  one  main  basin  that  is  20 
km  (12  mi)  long,  reaching  a maximum  depth  of  285  m (940  ft) . A 
sill  rising  to  a depth  of  130  m (430  ft)  isolates  the  fjord  basin 
from  Behm  Canal . 

Numerous  abiotic  factors  often  act  synergistically  and  affect 
the  biological  communities  of  these  two  fjords.  Important 
abiotic  factors  include:  a variety  of  substrate  types  and 

depths;  sedimentation  and  organic  input  from  rivers;  wind-driven 
surface  currents;  moderate  tidal  fluctuations;  increasing  light 
levels,  temperature,  and  water  runoff  during  spring;  development 
of  a pycnocline  during  spring  and  summer;  and  ice  along  the 
shoreline  and  potentially  low  oxygen  levels  in  deep  habitats 
during  winter. 

In  both  fjords  the  spring  phytoplankton  blooms  occur  between 
late  March  and  early  May  (Appendix  A) . The  primary  factors 
controlling  phytoplankton  production  and  species  composition  are 
nutrient  concentrations,  light  intensity,  degree  of  water 
stratification,  grazing,  and  advection.  The  spring  bloom  is 
probably  triggered  by  increasing  solar  radiation  and  is  enhanced 
by  the  formation  of  a pycnocline  which  increases  residence  times 
of  phytoplankton  in  well-lit  surface  waters.  The  depths  of  the 
blooms  vary;  the  epicenters  are  generally  located  between  2-10  m 
(7-33  ft) . Nutrient  limitation  (primarily  nitrogen,  phosphorus, 
and  silicon)  and  grazing  are  important  factors  that  end  the 
spring  bloom.  A secondary,  summer  bloom  may  occur  as  a result  of 
nutrient  re-cycling  by  zooplankton.  Diatoms  are  the  principal 
agents  of  spring  blooms;  microflagellates  are  primary 
contributors  to  summer  blooms  and  provide  a substantial 
background  of  standing  stock  and  primary  production  during  other 
times  as  well.  Low  light  intensities  generally  limit 
phytoplankton  growth  during  autumn,  winter,  and  spring. 

Differences  in  primary  production  between  the  two  fjords  (VTN 
1983b,  p.  36)  appear  to  be  insignificant  relative  to  interannual 
variations  within  each  fjord.  Also,  despite  the  influence  of 
hydrography  on  horizontal  distribution  of  phytoplankton  species 
within  the  fjords,  the  differences  in  total  primary  productivity 
between  the  inner  and  middle  basins  of  Boca  de  Quadra  are 
insignificant  when  compared  with  inter-annual  variations  within 
each  basin  (Appendix  A) . A long  time  series  of  data  on  the  order 
of  years  would  be  necessary  to  determine  whether  there  is  a 
significant  difference  between  primary  productivity  of  the  inner 
and  middle  basins.  Based  on  general  knowledge  of  fjord 
ecosystems,  it  is  reasonable  to  expect  the  inner  basin  to  be  less 
productive  than  the  middle  basin  with  respect  to  primary 
productivity  of  phytoplankton  because  it  is  further  from  the 
source  of  oceanic  plankton.  However,  it  is  also  expected  that 
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primary  productivity  of  macroalgae  in  shallow  areas  near  the  head 
of  the  inner  basin  would  contribute  significantly  to  the  overall 
primary  and  secondary  productivity  of  the  inner  basin. 

The  cycle  of  zooplankton  abundance  in  these  two  fjords  is 
linked  to  phytoplankton  dynamics.  Major  peaks  in  total 
zooplankton  biomass  occur  between  late  May  and  mid-June  just 
after  the  spring  phytoplankton  bloom  (VTN  1983b,  p.  48) . Copepods 
are  the  dominant  zooplankton  group;  fluctuations  in  total 
zooplankton  biomass  are  closely  correlated  with  changes  in 
copepod  abundance.  Larval  euphausiids  generally  peak  in  March, 
April,  and  June.  Populations  of  predatory  zooplankton  species 
(e.g.,  chaetognaths , medusae,  and  the  amphipod  Parathemisto 
pacifica)  increase  just  after  the  major  spring  increase  in  grazer 
populations  (VTN  1983b,  p.  47) . 

Zooplankton  abundance  and  species  composition  vary  with  depth 
in  both  fjords.  Total  zooplankton  abundance  is  greatest  near  the 
surface  (0-25  m)  compared  to  the  25-100  m sampling  strata, 
particularly  during  spring  and  summer  phytoplankton  blooms  (VTN 
1980,  p.  68;  VTN  1981b,  p.  57).  Herbivorous  copepods  and 
predatory  medusae,  ctenophores,  and  chaetognaths  dominate  the 
epipelagic  zone.  Mesopelagic  zooplankton  groups  include 
herbivorous  copepods,  predatory  amphipods,  and  omnivorous 
euphausiids.  Five  of  the  six  major  mesopelagic  species  were 
observed  to  vertically  migrate  in  the  fjords  (VTN  1983b,  p.  47) 

Of  these,  the  omnivorous  euphausiids  are  particularly  important 
as  prey  of  fishes,  birds,  and  mammals. 

Within  both  fjords,  hydrography  appeared  to  influence  the 
horizontal  distribution  of  some  zooplankton  species.  For 
example,  the  average  copepod  density  in  the  middle  basin  of  Boca 
de  Quadra  (19,000  individuals/m3)  was  substantially  greater  than 
in  the  inner  basin  (10,000-12,000  individuals/m3).  Little  or  no 
differences  between  inner  and  middle  basins  were  found  for 
tintinnids,  hydromedusae,  chaetognaths,  or  the  amphipod 
Parathemisto  Pacifica  (VTN  1980,  Fig.  3.3-14).  In  Smeaton  Bay, 
copepods  were  least  dense  at  stations  near  the  shallow  heads  of 
the  fjords. 

Four  types  of  benthic  habitat  are  present  within  Boca  de 
Quadra:  1)  rocky  intertidal,  2)  rocky  subtidal  (mostly  0-10  m [0- 
33  ft]  depth),  3)  soft  bottom  intertidal,  and  4)  soft  bottom 
subtidal  (mostly  >10  m depth) . Each  habitat  supports 
characteristic  invertebrate  assemblages.  Within-habitat  zonation 
occurs  and  is  largely  related  to  substrate  character  and  depth. 

General  characteristics  and  locations  of  the  four  benthic 
habitats  are  summarized  in  Table  4-1.  Rocky  intertidal  areas 
occur  along  most  of  the  perimeter  of  Boca  de  Quadra  and  Smeaton 
Bay.'  Dominant  species  include  rockweed  (Fucus  distichus) , 
barnacles  ( Balanus  alandula) , mussels  CMvtilus  edulis) , and 
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Table  4-1.  General  Characteristics  of  Benthic  Habitats  in  Boca  de  Quadra  and  Smeaton  Bay 


HABITAT 

ZONE 

LOCATION 

Rocky  intertidal 

High  intertidal  and 
gradual  slopes 

Throughout  fjords 

Low  intertidal  and 
all  slopes 

Throughout  fjords 

Sof t-bottom 
intertidal 

High  intertidal 

Keta  and  Wilson 
River  mud  flats 

Middle  intertidal 

Keta  and  Wilson 
River  mud  flats 

Low  intertidal 

Keta  and  Wilson 
River  mud  flats 

Rocky  subtidal 

Vertical  walls 
0-3  m 

Throughout  fjords 

3-7  m 

a 

0 
H 

1 

r- 

Gradual  slopes 
0-2  m 

Throughout  fjords 

2-10  m 

Sof t-bottom 
subtidal 

20-100  m 

BQ  inner  basin  and 
Smeaton  Bay 

100-200  m 

BQ  inner  basin  and 
Smeaton  Bay 

200-330  m 

BQ  middle  and  outer 
basins 

a Larger  organisms  are  listed  here. 
SOURCE:  VTN  1983b,  Table  4.2.1. 


CHARACTERISTIC  ORGANISMS8 
Rockweed 


Barnacles,  mussels 


Sedge,  insects 


Rockweed,  am phi pods 


Polychaetes,  bivalves, 
harpacticoids,  eelgrass 
(Wilson  mud  flats  only) 

R'd  algae,  barnacles,  sea 
urchins,  sea  stars 

Kelps,  red  and  brown  crustose 
algae,  gastropods 

Brachiopods,  tunicates 


Eelgrass 

Sea  stars,  bivalves 

Polychaetes,  bivalves, 
Dungeness  crabs.  Tanner 
crabs,  pandalid  shrimps, 
pinch  bug  crabs 

Polychaetes,  bivalves. 
Tanner  crabs,  pandalid 
shrimps 

Polychaetes,  bivalves, 
sidestripe  shrimp. 

Tanner  crabs,  heart 
urchins,  mud  stars 
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understory  invertebrates  such  as  small  arthropods  and  molluscs. 
Soft-bottom  intertidal  areas  occur  primarily  at  the  head  of  the 
two  fjords  and  the  head  of  all  side  arms.  Dominant  species 
include  sedge  ( Carex  sp.),  rockweed,  and  a variety  of 
polychaetes,  molluscs,  amphipods,  harpacticoid  copepods,  and 
chironomids.  Rocky  subtidal  habitats  occur  along  the  perimeters 
of  the  fjords.  Major  species  include  red  algae  (Ahnfeltia 
plicata  and  Constantinea  subulifera) , kelps  (Laminaria  spp.  and 
Aaarum  fimbriatum) . sea  urchins  ( Stronqvlocentrotus  spp.),  sea 
stars  (Evasterias  troschellii  and  Pvcnopodia  helianthoides) , 
limpets  (Acmaeidae) , tunicates  (Ascidiacea) , chitons 
(Ishnochitonida  and  Mopaliidae) , and  sea  pens  (Pennatulacea) . 

The  dominant  benthic  habitat  in  terms  of  area  is  the  subtidal 
soft-bottom  habitat.  Nearly  the  entire  bottom  below  35  m (110 
ft)  is  soft-bottom.  Three  types  of  infaunal  communities 
associated  with  specific  depths  are  present  in  both  fjords: 
shallow  (20-100  m) , mid-depth  (100-200  m) , and  deep  (>200  m) . 

The  shallow  and  mid-depth  communities  of  Boca  de  Quadra  are  found 
within  the  inner  basin  and  side  arms  and  are  physically  separated 
from  the  deep  community  of  the  middle  basin.  The  three  community 
types  grade  into  one  another  in  Smeaton  Bay  with  no  distinct 
physical  barriers  (Figure  4-1) . 

The  communities  are  associated  with  particular  sediment 
characteristics  and  community  parameters  (Appendix  B) . In 
general,  the  shallow  and  mid-depth  infaunal  communities  of 
Smeaton  Bay  and  Boca  de  Quadra  inner  basin  are  more  productive 
(number  of  individuals)  than  deep  communities  (Table  4-2) . 

Shallow  communities  are  often  dominated  by  a few  taxa  that  are 
very  abundant  (especially  polychaetes) . Mid-depth  and  deep 
communities  can  be  more  diverse  (Shannon-Wiener  species  diversity 
index)  than  shallow  communities  because  of  a more  even 
distribution  of  abundance  among  species.  Total  infaunal  biomass 
is  greatest  in  deep  communities  because  of  the  presence  of  large 
deposit-feeding  heart  urchins.  Shallow  and  mid-depth  communities 
are  associated  with  slightly  coarser  sediments  containing  a 
higher  volume  of  organics  but  lower  combustible  organic  content. 
Deep  communities  are  associated  with  relatively  fine  sediments 
that  are  organically  rich  (combustible  organics)  but  low  in 
volume  of  organic  material. 

Subtidal,  epifaunal  assemblages  were  also  of  three  types, 
depending  on  depth  (Appendix  B) . In  general,  shallow  and  mid- 
depth epifaunal  assemblages  were  richer  in  number  of  taxa  than 
deep  assemblages.  Economically  important  epifauna  such  as 
Dungeness  crab  and  pandalid  shrimp  were  most  abundant  in  trawl 
catches  taken  from  Boca  de  Quadra  inner  basin  and  the  shallower 
portions  of  Smeaton  Bay  (Table  4-3) . Shrimp  caught  in  pots  were 
most  abundant  along  the  sides  of  fjord  basins  at  shallow  and  mid- 
depths (0-150  m [0-490  ft]).  Although  total  epifaunal  biomass 
was  greatest  in  the  middle  basin  of  Boca  de  Quadra  and  the  deep 
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DISTANCE  (km) 


tsSvC<S  Community  I ( shollow  depth,  20-100  m ) 
I*  J*  *1  Community  2 ( mid  depths,  100-200  m) 
k/.voyj  Community  3 (deep  depths,  200+m) 


DISTRIBUTION  OF  SOFT-BOTTOM,  SUBTIDAL  COMMUNITIES  IN 
BOCA  DE  QUADRA  AND  SMEATON  BAY 


SOURCE:  VTN  1983b,  Figures  4.2-6  and  4.2-7 


FIGURE 

4-1 


Table  4-2.  Major  Characteristics  of  Infaunal  Assemblages  of  Boca  de  Quadra  and  Smeaton  Bay 


PARAMETER13 


DEPTH 

NUMBER 

ABUNDANCE 

ABUNDANCE 

ABUNDANCE 

ABUNDANCE 

OF 

SPECIES 

SPECIES 

OF 

OF 

OF 

OF 

OF 

ASS  E MB  LAGE 

RICHNESS 

DIVERSITY0 

INDIVIDUALS 

PQLYCHAETES 

MOLLUSCS 

CRUSTACEANS 

ECIIINQDERMS 

BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

Shallow 

<20-100m) 

35.75 

22.50 

2.98 

1.95 

242  .5 

405.75 

172.0 

381 .2 

46  .5 

66  .75 

7.0 

2.25 

3.65 

2.2 

Mid-depth 
( 100-200m) 

24.50 

27.75 

2.54 

2.43 

144.75 

423  .25 

57  .7 

113.3 

30.5 

48 

7.5 

8.5 

1 .95 

0.45 

Deep 

19.50 

24  .50 

2.45 

2.17 

45.25 

79.75 

22.7 

22.2 

11.5 

6.5 

1 .5 

4 .0 

2.0 

16.8 

(200+m) 


a Numbers  are  mean  values  for  data  collected  simultaneously  from  both  fjords  (March  & September  of  1981 
and  1982) 

b Abundance  per  0.1  m*  (l.o  mm  sieve) 
c Shannon-Wiener 

SOURCE:  Modified  from  VTN  1983b,  Table  4.2-5 


Table  4-3.  Comparison  of  Catches  (CPUE)  of  Dominant 
Large,  Epifaunal  Invertebrates  in  Boca  de 
Quadra  and  Smeaton  Bay  during  1981 


A.  TRAWL  CATCHES  (kg /km) 

Cancer  maoister 
Chionoecetes  bairdl 
Pandalid  shrimps 
fills flEfcex  latif rons 
Ctenodiscus  crisnatus 


B.  SHRIMP  POT  CATCHES  (kg/day) 

Cancer  maoister 
Pandalid  shrimps 
CMonoec.etes  bairdl 


C.  TANNER  POT  CATCHES  (kg/day) 

Canc.ej  magister 
Chionoecetes  bairdl 


WA 

SB 

BQ 

INNER 

BASIN 

BQ 

MI  DOLE 
BASIN 

1.2246 

0 

0.098 

0 

2.1470 

0.0857 

0.85  8 

0.312 

5 .3  918 

1.0572 

5.551 

0.947 

0 

18.9200 

0 

0.07  9 

0 

8.6614 

0 

5.694 

<0.01a 

0 

O' 

0.251a 

0.51 

0.60 

0.03a 

0.02 

0.02 

4.7943a 

- 

- 

2 .1 560a 

- 

- 

WA  Wilson  Arm 
SB  Smeaton  Bay 
BQ  Boca  de  Quadra 

a Data  available  only  for  Wilson  Arm  and  Smeaton  Bay 
combined. 


SOURCE:  VTN  1981b,  Tables  4.3-4,  4.3-14,  VTN  1982a,  d. 
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areas  of  Smeaton  Bay,  this  was  primarily  because  heart  urchins 
(Brisaster  latifrons)  and  mud  stars  ( Ctenodiscus  crisoatus^ 
comprised  the  majority  of  the  epifaunal  biomass  in  trawl  catches 
from  these  areas.  Heart  urchins  and  mud  stars  are  not  expected 
to  be  key  links  to  higher  trophic  levels  in  community  food  webs. 

Boca  de  Quadra  and  Smeaton  Bay  fjords  are  similar  with 
respect  to  species  composition  of  infaunal  and  epifaunal  benthic 
assemblages  and  environmental  factors  that  influence  them. 
Presently  it  is  not  possible  to  draw  statistically  significant 
conclusions  regarding  the  relative  richness  and  benthic 
productivity  of  the  soft-bottom  communities  of  the  two  fjords, 
due  to  insufficient  sampling.  However,  limited  sampling  (two 
sampling  periods/yr)  of  the  two  fjords  during  two  consecutive 
years  (1981-82)  suggests  that  shallow  and  mid-depth  infaunal 
communities  in  Smeaton  Bay  may  be  more  productive  (number  of 
individuals)  than  comparable  communities  in  Boca  de  Quadra  inner 
basin  (Table  4-2) . This  seems  reasonable  from  general 
considerations  of  fjord  ecosystems.  Smeaton  Bay  is  shorter  than 
Boca  de  Quadra  and  not  separated  into  distinct  basins. 

Therefore,  two  major  inputs  of  carbon,  oceanic  plankton  and 
autochthonous  and  allochthonous  organic  materials  at  the  heads  of 
the  fjord,  are  more  likely  to  mix  in  Smeaton  Bay  and  provide  a 
more  diverse  food  source.  In  Boca  de  Quadra,  on  the  other  hand, 
carbon  inputs  at  either  end  of  the  fjord  are  more  likely  to  be 
isolated  from  one  another. 

Seventy-five  species  of  fish  have  been  identified  from 
nearshore,  pelagic,  and  benthic  habitats  of  both  fjords  (Appendix 
C,  Table  C-2) . Dominant  species  of  the  nearshore  are  juvenile 
salmon  ( Oncorhvnchus  spp.),  juvenile  herring  (Clupea  harencrus 
pallasi) , sand  lance  ( Ammodvtes  hexaoterus) , and  starry  flounder 
(Platichthvs  stellatus)  (VTN  1983b,  Table  4.3-1).  Pelagic 
habitats  are  utilized  by  herring,  salmon,  and  an  abundance  of 
larval  fishes.  The  number  of  larval  fishes  suggests  that  many 
fish  spawn  in  the  two  fjords,  although  some  fishes  such  as 
herring  and  pollock  spawn  primarily  outside  the  fjords. 

The  major  fish  habitat  in  terms  of  species  number  is  the 
benthic  habitat,  especially  areas  less  than  150  m (490  ft)  deep. 
Over  40  species  of  demersal  fish  have  been  identified  from  this 
habitat.  Dominant  fishes  include  eelpouts  (Zoarcidae) , English 
sole  (Parophrvs  vetulus) , walleye  pollock  fTheraqra 
chalcogramma) , flathead  sole  (Hippoqlossoides  elassodon) , 
pricklebacks  (Stichaeidae) , and  sculpins  (Cottidae)  (VTN  1980, 
pp.  100,  103;  Envirosphere  1984,  p.  3-73). 

Both  fjords  support  sizeable  populations  of  adult  salmon,  but 
the  Smeaton  Bay  run  is  clearly  larger.  Tributaries  of  Wilson  Arm 
support  the  largest  number  of  salmon  entering  the  two  fjords, 
with  an  average  run  of  1.4  million  salmon  (catch  + escapement). 
The  average  salmon  run  to  Boca  de  Quadra  inner  basin  is 


approximately  0.4  million.  Pink  salmon  are  by  far  the  most 
abundant  species.  Juvenile  salmonids  which  migrate  primarily 
during  March-August  are  likely  distributed  in  the  upper  20  m (66 
ft)  of  the  water  column  (Straty  1974;  VTN  1982b;  Rogers  pers. 
comm . ) . 

One  of  the  largest  populations  of  herring  in  Southeast  Alaska 
(approximately  10-15  percent  of  all  herring  in  southeast  Alaska) 
spawns  near  the  mouth  of  Boca  de  Quadra  at  Kah  Shakes  Cove 
(Blankenbeckler  pers.  comm.).  Juvenile  herring  were  the  most 
abundant  fish  captured  in  nearshore  habitats  of  both  fjords,  and 
data  on  the  distribution  of  age-1  herring  in  Boca  de  Quadra 
suggest  that  the  fjord  functions  as  a year-round  rearing  habitat. 
During  winter,  herring  in  Boca  de  Quadra  are  found  along  the 
slope  near  125-150  m (410-490  ft)  during  the  day  and  dispersed 
near  the  surface  during  the  night.  Herring  also  overwinter  in 
Smeaton  Bay.  A greater  abundance  of  juvenile  herring  are 
expected  to  occur  in  Boca  de  Quadra  than  in  Smeaton  Bay  because 
Smeaton  Bay  is  farther  from  the  Kah  Shakes  Cove  spawning  grounds 
and  is  smaller  (Blankenbeckler  pers.  comm.;  Hay  pers.  comm.). 

In  comparing  the  two  fjords,  demersal  fish  species 
composition  tends  to  be  similar  within  the  same  habitat  types. 
Wilson  Arm  is  comparable  to  Boca  de  Quadra  inner  basin,  and 
Smeaton  Bay  downfjord  of  Wilson  Arm  is  comparable  to  Boca  de 
Quadra  middle  basin.  In  both  fjords,  the  abundance  of  demersal 
fish  is  markedly  lower  in  deeper  areas  (Boca  de  Quadra  middle 
basin  and  western  Smeaton  Bay)  relative  to  shallower  areas  (Boca 
de  Quadra  inner  basin  and  Wilson  Arm)  (Tables  4-4  and  4-5) . The 
data,  however,  should  not  be  compared  between  fjords  because  the 
sampling  year  differs.  Little  is  known  about  the  adult  fishes  of 
epipelagic  and  mesopelagic  zones  in  either  fjords. 

At  least  12  species  of  marine  mammals  could  occur  as  either 
seasonal  migrants  or  residents  in  Boca  de  Quadra  and  Smeaton  Bay. 
Although  only  a few  species  have  actually  been  observed  in  the 
two  fjords,  observation  periods  to  identify  migratory  and/or 
seasonally  occurring  mammals  have  been  brief.  Marine  mammal 
species  expected  at  least  seasonally  in  the  vicinity  include  five 
whale  species,  four  porpoise  and  dolphin  species,  two  seal 
species,  and  the  sea  lion.  Species  identified  in  Boca  de  Quadra 
and  Smeaton  Bay  include  the  harbor  seal  (Phoca  vitulina 
richardii) , Dali  porpoise  (Phocoenoides  dalli) , and  killer  whale 
(Orcinus  orca)  (Wood  pers.  comm. ; VTN  1982g,  p.  1) . Steller  sea 
lions  have  been  sighted  near  the  mouth  of  Boca  de  Quadra.  An 
unconfirmed  sighting  of  the  endangered  humpback  whale  was  made  in 
Mink  Bay;  numerous  sightings  of  the  humpback  whale  have  been  made 
in  the  vicinity  of  the  Quartz  Hill  project  (VTN  1982g,  pp.  14- 
15)  . 
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Table  4-4.  Mean  Catch  Per  Unit  Effort  (CPUE)a  of  Trawl  Cruises  by  Major 
Taxonomic  Group  and  Basin  in  Boca  de  Quadra  During  1979-80 


TUNER  BASTN MTDDT.E  BASTN 


FISH 

MEAN 

PERCENT 

PERCENT 

MEAN 

PERCENT 

PERCENT 

FAMILIES 

CPUE 

TOTAL b 

FISH 

CPUE 

TOTAL 

FISH 

Raj idae 

0.092 

1.65 

2.94 

0 .008 

0 .10 

7.31 

Pleuronectidae 

0.900 

16  .18 

28 . 83 

0 .041 

0.56 

39.22 

Agonidae 

0.037 

0.67 

1.20 

0.004 

0.05 

3.42 

Anoplopomatidae 

- 

- 

Bathy master idae 

0 .008 

0 .15 

0 .27 

- 

- 

- 

Clupeidae 

0.008 

0.14 

0.26 

0 .001 

0 .02 

1.23 

Cottidae 

0.553 

9.95 

17.73 

0.024 

0.32 

22.32 

Emblotocidae 

0.017 

0.31 

0.55 

- 

- 

- 

Gadidae 

0.387 

6.96 

12.40 

0.013 

0.18 

12.44 

Osraeridae 

0.001 

0 .02 

0.03 

0 .003 

0 .04 

2.85 

Cycl opteridae 

- 

- 

0 .004 

0 .05 

3.51 

Sti chaeidae 

0.228 

4 .10 

7.30 

0.006 

0.08 

5.41 

Z oarcidae 

0.889 

15.99 

28.49 

0 .002 

0.03 

2.28 

Scorpaenidae 

- 

- 

“ 

“ 

Total  Fish 

3.120 

56  .12 

100.00 

0.106 

1.43 

100.00 

a CPUE  in  units  of  kg/km. 

b Percent  of  fish  and  invertebrates  in  the  catch. 
SOURCE*  VTN  1980,  Table  4.3-6. 


Table  4-5.  Mean  Catch  Per  Unit  Effort  (CPUE)a  of  Trawl  Cruises  by  Major  Taxonomic  Group  and 
Basin  in  the  Smeaton  Bay  Fjord  During  1981 


WILSON  ARM BAKEWELL  ARM SMEATON  BAY 


FISH 

MEAN 

PERCENT 

PERCENT 

MEAN 

PERCENT 

PERCENT 

MEAN 

PERCENT 

PERCENT 

FAMILIES 

CPUE 

TOTAL5 

FISH 

CPUE 

TOTAL5 

FISH 

CPUE 

TOTAL5 

FISH 

Raj idae 

0.648 

2.99 

5.60 

0.448 

2.99 

15.86 



Pleuronectidae 

5.955 

27.49 

51.46 

1 .528 

10.19 

54.08 

— 

— 

— 

Agonidae 

0.056 

0.26 

0.48 

0.035 

0.23 

1 .24 

— 

— 

— 

Anoplopomatidae 

0 .720 

3.32 

6.22 

0.342 

2.28 

12.10 

0.444 

1.51 

76.23 

Clupeidae 

0.008 

0.04 

0.07 

— 

— 

— 

0.015 

0 .05 

2.50 

Cottidae 

0.860 

3.97 

7.43 

0.041 

0.28 

1.46 

— 

— 

— 

Bnbiotocidae 

0.008 

0.04 

0.07 

— 

— 

— 

— 

— 

— 

Gadi dae 

•0.304 

1.40 

2.63 

0.358 

2.39 

12.67 

— 

— 

— 

Osmeridae 

0.013 

0.06 

0 .11 

— 

— 

— 

— 

— 

— 

Stichaeidae 

0.023 

0.11 

0.20 

0.052 

0.34 

1.83 

0.103 

0.35 

17  .62 

Z oarcidae 

2.967 

13  .70 

25  .64 

0.021 

0.14 

0.75 

0 .021 

0.07 

3 .65 

Scorpaenidae 

0.009 

0.04 

0.08 

t 

— 

— 

— 

— 

— — 

Total  Fish 

11.572 

53.42 

100.00 

2.825 

18.84 

100.00 

0.583 

1.98 

100.00 

* CPUE  in  units  of  kg/km. 

b Percent  of  fish  and  invertebrates  in  the  catch. 
SOURCE*  VTN  1981b,  Table  4.3-4. 
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The  most  numerous  marine  mammal  inhabitant  of  Boca  de  Quadra 
is  the  harbor  seal.  Up  to  20  seals  have  been  observed  on  rocks 
near  the  head  of  Boca  de  Quadra  and  another  30  seals  have  been 
observed  on  Kite  Island  (VTN  1982g,  p.  6) . Seal  haulout  areas 
occur  in  both  the  inner  and  middle  basins  of  Boca  de  Quadra,  near 
the  head  of  Wilson  Arm,  and  near  the  junction  of  Bakewell  and 
Wilson  Arms  in  Smeaton  Bay,  although  use  of  these  areas  may  vary 
from  year  to  year  (VTN  1981a,  p.  49;  Rescan  Environmental 
Services  1984,  Table  6).  Seals  are  present  year-round,  but  they 
may  periodically  leave  the  fjord  as  they  are  known  to  move  great 
distances  (Pitcher  and  McAllister  1981,  p.  292) . Pupping 
probably  occurs  along  the  shoreline  of  the  fjord  and  at  the  head 
of  the  bays.  Killer  whales  are  the  most  frequently  sighted  whale 
species  in  Boca  de  Quadra  and  have  been  observed  in  both  inner 
and  middle  basins  during  spring  and  summer.  Adults  and  juveniles 
have  also  been  observed  in  Smeaton  Bay  about  1 km  (0.6  mi)  from 
Behm  Canal . 

Over  200  species  of  birds  are  known  to  occur  along  the  Gulf 
of  Alaska  coast  (Gusey  1978,  p.  26).  Approximately  87  species 
use  inshore  waters  (within  6 km  [4  mi]  of  shore,  including 
islands) , and  177  species  inhabit  mudflats  and  rocky  shores 
(Isleib  and  Kessel  1973)  such  as  those  located  in  Boca  de  Quadra 
and  Smeaton  Bay. 

Although  some  birds  migrating  north  along  the  Pacific  Flyway 
during  spring  may  stop  over  in  southeast  Alaska,  the  majority  of 
the  tremendous  populations  of  seabirds,  shorebirds,  and  waterfowl 
migrate  past  southeast  Alaska  for  staging  grounds  further  north 
(Bellrose  1976;  Arneson  1980;  DOI  1984).  During  the  southward 
flight,  many  seabirds  and  waterfowl  stop  in  southeast  Alaska  to 
overwinter. 

Field  studies  of  marine  or  coastal  birds  focused  on  estuaries 
of  Wilson,  Bakewell,  and  Keta  Rivers,  with  less  emphasis  on  open 
water  or  rocky  shore  habitats.  Intensive  surveys  of  bald  eagle 
nestings  were  also  conducted. 

The  primary  use  of  these  fjords  appears  to  be  overwintering, 
as  the  estuaries  are  located  along  a major  waterfowl  migration 
route  and  are  very  productive.  Waterbirds  using  these  estuaries 
include  loons,  grebes,  ducks,  geese,  sandpipers,  gulls,  and 
pelagic  birds.  All  waterfowl  groups,  with  the  exception  of  bay 
ducks,  were  most  abundant  in  Wilson  estuary.  Gulls  were  also 
most  common  in  the  Wilson  estuary,  especially  in  March  during 
smelt  spawning  runs  in  the  Wilson  and  Blossom  Rivers.  High 
numbers  of  gulls  were  also  seen  in  Boca  de  Quadra  in  August 
feeding  on  large  herring  schools. 

Significant  breeding  populations  of  the  bald  eagle  were 
present  along  both  fjords.  During  1982,  29  nest  areas  were 
spotted  along  Smeaton  Bay  and  the  Wilson  estuary.  Ten  were 
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located  along  Boca  de  Quadra  and  the  Keta  estuary.  Eagles  showed 
large  seasonal  fluctuations,  but  were  particularly  abundant  in 
August,  in  conjunction  with  salmon  spawning,  and  in  March  during 
smelt  runs  in  the  Wilson  and  Blossom  Rivers. 


Food  Webs  of  Boca  de  Quadra  and  Smeaton  Bay 

General  food  web  relationships  have  been  developed  for 
epipelagic,  nearshore,  jnesopelagic,  deep  benthic,  and  estuarine 
habitats  in  both  fjords.  The  flow  of  energy  through  the  five 
habitats  follows  a variety  of  pathways  depending  on  the  habitat. 
In  general,  major  sources  of  energy  to  the  epipelagic,  nearshore, 
and  estuarine  habitats  are  sunlight  (energy  for  photosynthesis) 
and  detritus  from  terrestrial  and  aguatic  sources  (Figure  4-2) . 
Predator-prey  interaction  within  and  between  the  habitats  in  the 
upper  10  m (330  ft)  is  also  an  important  energy  exchange 
mechanism.  Most  energy  flow  (detritus  and  prey  organisms)  is 
downward  through  the  water  column;  it  appears  that  deep  benthic 
habitats  contribute  relatively  little  to  habitats  in  the  upper 
100  m. 

The  epipelagic  is  the  only  habitat  in  which  phytoplankton 
production  is  the  major  source  of  energy.  The  epipelagic  food 
web  is  also  quite  simple  relative  to  most  other  habitats  (VTN 
1983b,  p.  149) . The  major  energy  pathways  are  from  autotrophic 
diatoms  and  flagellates  to  herbivorous  zooplankton  to  carnivorous 
fish,  medusae,  and  several  other  major  primary  carnivores.  These 
short  food  chains  probably  result  in  efficient  energy  transfer, 
thus  supporting  large  populations  of  primary  carnivores  such  as 
herring.  Numerous  birds  and  mammals  rely  on  these  fish  for  food. 

The  complex  food  web  of  the  nearshore  habitat  (<10  m [33  ft] 
deep)  is  based  on  detritus  and  primary  production  from 
phytoplankton,  macroalgae,  and  microalgae.  Filter  feeders  such 
as  barnacles,  mussels,  and  sponges  are  abundant  as  a result  of 
substantial  phytoplankton  production.  These  invertebrates,  along 
with  detritivores  such  as  amphipods,  isopods,  and  harpacticoid 
copepods,  are  major  food  items  for  fishes  and  other  higher 
consumers. 

The  mesopelagic  habitat  supports  the  simplest  food  web  of  the 
five  marine  habitats  (VTN  1983b,  p.  151) . Organic  matter  from 
the  epipelagic  zone  in  the  form  of  zooplankton  fecal  pellets, 
carcasses,  particulate  debtis,  and  phytoplankton  cells  is  the 
basic  source  of  energy.  Euphausiids  and  copepods  are  the  major 
primary  consumers;  they  often  migrate  vertically  into  the 
epipelagic  zone  at  night.  The  mesopelagic  habitat  supports  very 
large  populations  of  relatively  few  species.  Little,  however,  is 
known  about  fish  species  in  the  mesopelagic  zone. 
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The  deep  benthic  (>10  m)  food  web  is  supported  primarily  by 
detritus.  Shallower  areas  of  this  habitat  (10-100  m) , such  as  the 
heads  of  the  fjord  and  arms,  have  more  species  and  more  trophic 
linkages  with  other  habitats.  Mesopelagic  euphausiids  and 
copepods  are  important  food  items  to  several  species  in  the 
shallower  parts  of  the  benthic  community.  Deep  water  clams  and 
polychaetes  consume  organic  matter  from  the  water  column;  some 
polychaetes  ingest  sediments  that  contain  organic  matter.  These 
organisms  along  with  others  provide  food  for  the  demersal  fish 
community.  Other  food  webs  apparently  derive  relatively  little 
energy  from  the  deep  benthic  habitat,  although  pelagic  eggs  from 
demersal  fish  are  seasonally  important  food  for  herring  in  Boca 
de  Quadra  (VTN  1982c,  pp.  J-2  to  J-18) . 

For  the  purpose  of  this  report,  estuarine  habitat  is  defined 
to  include  the  shallow  water  habitat  shoreward  of  the  toe  of  the 
alluvial  deposit  formed  at  the  head  of  Boca  de  Quadra  and  Wilson 
Arm  by  the  Keta  and  Wilson  rivers,  respectively.  Thus,  estuarine 
habitat  includes  shallow  subtidal  as  well  as  intertidal  habitats 
in  these  areas. 

The  estuarine  food  web  includes  marsh  and  mud  flat 
communities.  Detritus  from  marsh  plants  (e.g. , sedges)  is  a 
major  energy  source  (VTN  1983b,  p.  154) . Dominant  invertebrates 
are  detritovores  and  deposit  feeders  such  as  harpacticoid 
copepods,  amphipods,  isopods,  and  a clam  (Macoma  spp.).  Also, 
insects  are  important  marsh  plant  grazers.  Outmigrating  juvenile 
salmonids  consume  many  of  these  invertebrates;  returning  adult 
salmonids  attract  large  numbers  of  predatory  mammals  and  birds. 


Important  Habitats  of  Boca  de  Quadra  and  Smeaton  Bav 

An  important  marine  habitat  is  defined  here  as  an  area 
utilized  by  a disproportionate  abundance  of  individuals  and/or 
species  or  an  area  essential  to  the  ecosystem.  The  Kah  Shakes 
Cove  area  at  the  mouth  of  Boca  de  Quadra  is  a major  herring 
spawning  ground  in  southeast  Alaska  and  is  considered  an 
important  habitat.  As  an  example  of  the  large  biomass  of 
spawning  herring,  approximately  3,239  mt  of  herring  were 
harvested  in  the  1983  commercial  fishery  at  the  mouth  of  Boca  de 
Quadra  (House  pers.  comm.).  Herring  are  an  important  food  item 
for  other  fishes,  birds,  and  marine  mammals  in  Boca  de  Quadra  and 
adjacent  areas. 

Benthic  infauna,  epibenthic  species  of  commercial  value,  and 
demersal  fishes  are  significantly  more  abundant  in  shallow  (20- 
100  m [66-330  ft])  and  mid-depth  (100-200  m [330-660  ft])  soft- 
bottom  habitats  of  Boca  de  Quadra  (i.e.,  the  inner  basin)  and 
Smeaton  Bay  (Tables  4-2  through  4-5) . Benthic  infauna  are 
important  prey  of  demersal  fishes  and  may  contribute  to  the 
substantially  greater  abundance  of  demersal  fishes  in  the  Boca  de 
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Quadra  inner  basin  and  shallow  to  mid-depth  areas  of  Smeaton  Bay. 
Although  overall  infaunal  and  epifaunal  biomass  is  greatest 
within  deep  communities  (>200  m) , this  is  due  to  the  abundance  of 
the  heart  urchins  and  mud  stars.  Heart  urchins  and  mud  stars 
generally  do  not  occur  as  prey  of  higher  trophic  level  organisms. 

In  general,  all  pelagic  and  benthic  habitats  less  than  100  m 
(330  ft)  deep  are  important  to  the  functioning  of  the  marine 
community  above  this  water  depth.  In  studying  Boca  de  Quadra  and 
Smeaton  Bay,  VTN  (1983b,  pp. 80-81)  identified  the  shallow  benthic 
community  as  that  located  above  100  m.  Information  supporting 
this  community  boundary  can  be  found  in  VTN's  (1983b)  study  of 
(1)  benthic  habitats  (p.60),  (2)  soft-bottom  subtidal  organisms 

(pp. 84-86),  and  (3)  Dungeness  and  tanner  crab  distributions 
(pp. 118-119) . VTN  (1983b,  p.131)  further  found  that  the  most 
densely  populated  part  of  the  mesopelagic  habitat  is  between  the 
50  and  150  m depths,  and  this  habitat  is  the  most  stable  of  any 
habitat  in  the  fjords. 

Rocky  intertidal  and  rocky  subtidal  areas  down  to  10  m (33 
ft)  are  important  sources  of  habitat  and  food  for  many  benthic 
species,  including  importance  as  a source  of  detritus  to  those 
species  at  greater  depth.  Salmon  occupy  the  upper  20  m (66  ft) 
of  the  water  column,  and  herring  penetrate  down  to  150  m (490 
ft) . The  shallow  (down  to  100  m)  subtidal  soft-bottom  benthic 
assemblage  is  the  most  productive  of  this  habitat  type  and  is 
used  more  by  commercially  valuable  crabs  than  are  deeper  subtidal 
soft-bottom  areas. 

Both  the  Wilson  and  Keta  estuaries  are  important  habitats  for 
adult  and  juvenile  salmon  and  birds.  The  Wilson  estuary  is 
particularly  important  as  it  supports  many  more  salmon  (1.4 
million)  than  the  Keta  estuary  (0.4  million).  This  difference  is 
reflected  in  the  greater  use  of  Wilson  estuary  by  bald  eagles, 
particularly  during  salmon  runs.  Wilson  estuary  also  supports 
greater  numbers  of  overwintering  waterfowl  (ducks  and  geese)  than 
the  Keta  estuary. 
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Section  5 


POTENTIAL  IMPACTS  OF  DISCHARGED  MILL  TAILINGS 


Summary 

Acute  toxicity  of  discharged  tailings  to  marine  organisms  is 
expected  to  be  low.  Some  acute  toxicity  may  result  from  the 
presence  of  quaternary  ammonium  salts  if  significant  dissociation 
occurs,  but  the  significance  of  this  potential  toxicity  cannot  be 
presently  assessed.  The  most  likely  effects  are  expected  to  be 
physical  in  nature.  Studies  with  tailings  from  the  nearby 
Kitsault  molybdenum  mine  found  that  long  term  exposure  to 
suspended  solids  concentrations  of  approximately  560  mg/1  were 
necessary  to  induce  significant  mortalities  on  various 
zooplankton.  Zooplankton  may  be  used  as  indicators  of  toxicity, 
particularly  if  the  toxicity  includes  physical  effects  of 
suspended  solids.  Since  concentrations  of  560  mg/1  are  not 
expected  to  occur  above  20  m from  the  bottom  of  the  fjord, 
significant  acute  toxic  effects  from  exposure  to  the  suspended 
particulate  phase  of  the  discharge  are  not  anticipated  above  this 
level . 

Testing  performed  with  molybdenum  tailings  from  the  Kitsault 
Mine  indicated  increased  trace  metals  leachability  under  slightly 
acidic  conditions,  as  found  in  the  digestive  tracts  of  marine 
vertebrates.  Ingestion  of  suspended  tailings  or  of  organisms  on 
which  tailings  have  accumulated  (e.g.,  zooplankton)  could  result 
in  uptake  of  trace  metals.  Tailings  have  been  observed  to 
accumulate  on  and  in  euphausiids  and  other  zooplankton  during 
bioassays.  Zooplankton  are  important  in  the  diets  of  fish,  which 
in  turn  are  consumed  by  other  fish,  birds,  and  mammals.  Since 
many  zooplanktonic  organisms  undergo  diel  vertical  migrations,  a 
major  proportion  of  the  food  of  higher  trophic  level  organisms 
(that  may  otherwise  not  be  in  direct  contact  with  tailings)  could 
be  contaminated.  Because  of  the  shallower  water  depths,  this  is 
more  likely  to  occur  in  Smeaton  Bay  and  the  inner  basin  of  Boca 
de  Quadra  than  in  the  Boca  de  Quadra  middle  basin.  The 
significance  of  shoaling  of  zones  of  active  deposition  and 
slumping  for  potential  bioaccumulation  and  higher  trophic  level 
impacts  cannot  be  determined  at  this  time,  but  will  be  a function 
of  the  concentration  and  extent  of  suspended  tailings  fines  in 
the  upper  mesopelagic  (mid  water  column)  zone. 

High  turbidity  in  the  upper  20  m of  the  water  column  is  not 
expected  to  occur.  Increased  turbidity  is  expected  to  occur 
below  approximately  50  m,  increasing  with  depth.  This  is  within 
the  depth  range  of  juvenile  herring  overwintering  in  Boca  de 
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Quadra  as  well  as  vertically  migrating  zooplankton.  Zooplankton 
are  not  expected  to  be  significantly  affected  by  slightly 
increased  turbidity;  herring  may  behaviorally  avoid  suspended 
solids  of  >10  mg/1,  based  on  laboratory  studies.  Increased 
turbidity  in  the  upper  mesopelagic  zone  could  reduce  the  rearing 
area  for  juvenile  herring  in  Boca  de  Quadra.  The  significance  of 
this  potential  impact  cannot  be  determined  at  this  time. 

Juvenile  salmon,  which  occupy  the  upper  20  m of  the  water  column, 
should  not  be  directly  affected  by  suspended  sediments. 

Discharge  to  the  inner  basin  will  result  in  significant 
deposits  over  450  hectares  (1,100  ac)  of  the  inner  basin  and 
1,600  hectares  (4,000  ac)  of  the  middle  basin.  Colonization  of 
deposited  tailings  by  benthic  organisms  is  expected  to  begin 
rapidly,  primarily  from  larval  settlement  rather  than  immigration 
of  adults  from  surrounding  locations.  Species  colonizing  new 
space,  however,  may  not  be  the  same  species  that  occurred  prior 
to  discharge,  particularly  if  there  is  a significant  change  in 
bottom  depth.  Bathymetry  would  be  permanently  altered  in  the 
inner  basin,  and  the  predischarge  benthic  community  would  be 
replaced  by  a shallow  benthic  assemblage.  Discharge  to  the 
middle  basin  will  result  in  disruption  of  benthic  habitat  over 
1,600  hectares  in  the  middle  basin  and  probably  minor  changes  in 
benthic  community  structure  in  the  inner  basin.  Under  either 
Boca  de  Quadra  discharge  alternative,  permanent  changes  in 
bathymetry  of  the  middle  basin  are  not  significant  because  the 
new  depths  remain  within  the  domain  of  the  existing  assemblage  of 
deep  benthic  organisms.  Time  necessary  for  complete  recovery  of 
benthic  communities  cannot  be  determined  based  on  existing  data. 
Species  best  adapted  to  colonizing  new  space  will  be  present 
initially.  Complete  recovery  in  the  middle  basin  will  occur  as 
natural  sedimentation  and  biological  reworking  recreate  the 
physical/chemical  conditions  of  the  predischarge  bottom,  but  this 
process  could  take  many  years. 

Discharge  to  the  middle  basin  of  Boca  de  Quadra  is  expected 
to  result  in  increased  sedimentation  rates  in  the  inner  basin  on 
the  order  of  a few  cm/yr.  Most  of  this  increase  will  occur  during 
the  summer  (deepwater  renewal  period) . Some  alteration  of  the 
inner  basin  benthic  community  may  occur,  but  not  as  rapidly  or 
extensively  as  under  the  inner  basin  discharge  option.  This 
community  alteration  could  include  the  loss  of  some  suspension 
feeders  and  an  increase  in  the  importance  of  certain  species  able 
to  rapidly  colonize  open  spaces.  Many  of  the  larger  benthic  and 
demersal  organisms  (e.g.,  flatfish,  crabs)  will  probably  survive 
deposition  rates  predicted  for  the  inner  basin  with  middle  basin 
discharge. 

Discharge  to  Smeaton  Bay  is  expected  to  result  in  disruption 
of  benthic  biota  over  1,660  hectares  (4,100  ac)  in  the  bay  and  a 
change  in  the  basin-and-sill  nature  of  the  system.  Bathymetry 
and  balance  of  forces  driving  circulation  would  be  permanently 


altered.  Because  the  bay  has  less  volume  than  the  middle  basin 
of  Boca  de  Quadra,  it  would  be  filled  to  within  45  m (150  ft)  of 
the  sill  by  project  completion.  Benthic  community  composition  . 
will  be  substantially  and  permanently  altered  because  the 
deepwater  habitat  (>200  m)  will  be  replaced  by  mid-depth  to 
shallow  habitat. 

Overall,  the  Boca  de  Quadra  middle  basin  discharge  option  is 
expected  to  have  less  biological  impact  for  several  reasons: 

o Fewer  pelagic  organisms  would  be  exposed  to  the  highest 
concentrations  of  suspended  tailings  because  mass 
movement  of  solids  (the  predominant  cause  of  elevated 
suspended  solids)  would  be  occurring  in  very  deep  water. 

o Risk  of  biological  effects  in  the  upper  water  column 
(especially  herring  and  their  food  sources)  would  be 
reduced  since  tailings  would  not  be  forced  to  spill  over 
the  dynamic  area  of  the  inner  sill,  nor  would  the  areas 
of  highest  suspended  sediment  concentration  ever  overlap 
with  the  pycnocline. 

o Direct  smothering  of  the  benthos  would  occur  over  a 

smaller  total  area  relative  to  discharge  to  the  inner 
basin  of  Boca  de  Quadra.  Similar  habitat  area  would  be 
affected  by  discharge  to  Smeaton  Bay. 

o Colonization  of  the  tailings  deposits  could  be 

accelerated  due  to  sources  of  larvae  existing  both 
downfjord  and  upfjord  of  the  deposited  solids. 

o The  risk  of  impacts  to  productive  estuarine  habitats 
would  be  least. 

o Bathymetry  would  be  least  altered,  making  recovery  of 

predischarge  biological  productivity  possible.  Discharge 
to  Smeaton  Bay  or  to  the  inner  basin  would  substantially 
and  permanently  alter  bathymetry,  and  post-project  biota 
would  reflect  new  depth  conditions. 


Introduction 


Potential  biological  effects  from  the  marine  disposal  of  mill 
tailings  include:  1)  toxicity  of  solid  or  liquid  phases  of  the 
discharges;  2)  bioaccumulation  of  heavy  metals  or  process 
reagents;  3)  potential  human  health  impacts;  4)  effects 
associated  with  turbidity  plumes  or  dissolved  constituents  in  the 
upper  water  column;  5)  direct  burial/smothering  of  benthic 
organisms  by  tailing  deposits;  6)  alteration  of  physical  and 
chemical  characteristics  of  sediments;  and  7)  alteration  of 
mechanisms  of  nutrient  recycling  and  renewal  resulting  from 
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changes  in  bathymetry  of  the  basins.  Each  of  these  is  evaluated 
in  relation  to  disposal  of  tailings  from  Quartz  Hill  for  each 
marine  disposal  option. 


Toxicity 

Available  information  on  the  toxicity  of  organic  milling 
reagents  is  insufficient  for  determining  the  hazard  associated 
with  their  discharge.  Of  particular  concern  may  be  the  reagents 
M— 502  and  SF330,  which  are  quaternary  ammonium  salt  polymers. 
Quaternary  ammonium  compounds  are  known  to  be  toxic  to  a variety 
of  marine  species  at  the  mg/1  level  (Boethling  1984,  p.  1061), 
although  other  tests  indicate  toxicity  is  lower  in  natural  waters 
than  in  clean  laboratory  water  (Lewis  and  Wee  1983,  p.  115). 
Decreased  toxicity  in  natural  waters  might  be  caused  by  rapid 
adsorption  to  suspended  solids.  The  salts  are  cationic  in  nature 
and  may  have  a high  affinity  for  negatively  charged  particles 
(e.g.,  suspended  solids)  or  anionic  tissues  such  as  the  gills  of 
marine  organisms.  It  is  not  known  how  adsorption  to  sediments, 
clays,  and  materials  having  negative  surface  charges  affects 
biodegradation  in  the  receiving  water  (Boethling  1984,  p.  1074). 
Ionic  bonding  of  these  salts  to  gills  could  effectively  reduce 
gas  exchange  (Kim  pers.  comm.).  Thus,  more  information  is  needed 
on  the  fate  and  effects  of  the  milling  reagents  (and  their 
breakdown  products)  proposed  for  use  at  Quartz  Hill. 

Toxicity  could  also  occur  from  exposure  to  constituents  of 
diesel  fuel,  a major  reagent  in  the  milling  process.  It  is 
expected,  however,  that  the  majority  of  diesel  fuel  will  report 
to  the  molybdenum  concentrate  (Section  2,  Tables  2-4  and  2-5), 
and  the  risk  of  toxicity  is,  therefore,  likely  to  be  low. 

Copper,  lead,  nickel  and  mercury  are  metals  in  the  tailings 
discharge  that  are  of  potential  concern  (Section  8) . Water 
quality  criteria  for  metals  are  based  on  the  total  recoverable 
metals  methodology  and  are  designed  to  protect  a wide  variety  of 
marine  species.  Chronic  criteria  are  probably  most  applicable  to 
the  nature  of  the  proposed  discharge.  For  copper,  lead,  nickel, 
and  mercury,  the  chronic  seawater  criteria  are  2.9  mg/1,  5.6 
mg/1,  7.9  mg/1,  and  0.025  mg/1  respectively.  Because  total 
recoverable  metals  in  the  tailings  effluent  have  not  been 
measured,  the  toxicity  of  metal  constituents  to  marine  organisms 
cannot  be  accurately  assessed. 

E.V.S.  Consultants  (1984a;  1984b)  performed  short-term,  acute 
lethality  bioassays  on  Quartz  Hill  mill  tailings  produced  by 
pilot  plant  operations.  The  two  studies  represent  two  different 
batches  of  pilot  plant  tailings  obtained  by  modified  mill 
processes  and  different  milling  reagents.  The  second  batch  is 
assumed  to  be  more  representative  of  the  tailings  discharge 
(E.V.S.  Consultants  1984b,  p.  3) . It  contained  less  total 
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organic  carbon,  but  heavy  metals  concentrations  were  similar  to 
that  of  the  first  batch  (E.V.S.  Consultants  1984b,  pp.  19-20). 

The  second  batch  of  tailings  was  also  used  to  examine  chronic 
toxicity,  bioaccumulation,  and  sublethal  effects.  A large 
dissolved  organic  reagent  load  was  not  evident  in  either  batch  of 
the  tailings  tested.  Because  these  represent  the  only  studies 
available  on  the  toxicity  of  Quartz  Hill  mill  tailings  to  marine 
organisms,  they  will  be  reviewed  in  some  detail  here. 


Acute  Toxicity 

Initial  tests  with  juvenile  coho  salmon  ( Oncorhvnchus 
kisutch) , mussel  larvae  (Mvtilus  edulis) , amphipods  (Rhepoxvnius 
abronius) , and  euphausiids  ( Euohausia  pacifica)  apparently 
indicated  that  the  acute  toxicity  of  Quartz  Hill  tailings  to 
these  species  was  low.  Reported  LC50  or  EC50  concentrations  were 
as  follows: 


o 

o 

o 

o 


coho  salmon  juveniles  (96-hr  LC50)  : 

(10-day  LC50) : 

mussel  larvae  (48-hr  EC50)  : 

amphipods  (10-day  LC50)  : 

euphausiids  (96-hr  LC50)  : 


208.000  mg/1 

197.000  mg/1 

145.000  mg/1 

150.000  mg/1 

109.000  mg/1 


Subsequent  tests  with  Dungeness  crab  zoea  (Cancer  maglster) , 
mussel  larvae,  and  amphipods  also  indicated  relatively  low 
toxicity.  Reported  LC50  or  EC50  concentrations  were  as  follows: 


o 

crab  zoea 

(48-hr  LC50) 

: 170,000  mg/1 

o 

mussel  larvae  (48-hr  EC50) 

: 142,500  mg/1 

o 

amphipods 

(10-day  LC50) 

: 86,000  mg/1 

Certain  factors,  however,  indicate  that  caution  should  be  used  in 
applying  these  concentrations  at  their  stated  (nominal)  value. 

In  the  initial  coho,  mussel,  and  possibly  the  euphausiid 
bioassays,  tailings  were  placed  in  test  containers  at  the 
equivalent  of  up  to  240  g (240,000  mg)  per  liter  of  water.  The 
tailings  settled  in  the  containers  throughout  the  static  test 
periods.  The  LC50  values  for  these  species,  therefore,  are  based 
on  the  initial  concentration,  but  concentration  of  tailings  in 
the  water  column  decreased  significantly  over  time  and  are  not 
readily  compared  to  the  nominal  concentration.  For  example,  in 
the  coho  bioassay,  mortality  occurred  only  at  the  highest  nominal 
concentration  (240,000  mg/1).  All  10  salmon  died  during  the 
first  day  in  this  treatment;  suspended  solids  on  the  first  day 
were  2,543  mg/1.  If  toxicity  resulted  from  particulates  in 
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suspension,  the  24-hr  LC50  could  be  as  low  as  2,543  mg/1,  i.e., 
two  orders  of  magnitude  less  than  the  nominally-reported  value. 
Several  other  studies  exposing  juvenile  salmonids  to  fine 
particulates  have  reported  96-hr  LC50s  ranging  from  1,500  to 

54.000  mg/1  (Noggle  1978;  Smith  1978;  Ross  1982).  (Because 
suspended  solids  measurements  were  not  reported  for  mussel  larvae 
and  euphausiid  bioassays,  similar  comparison  cannot  be  made  for 
these  species.)  If  the  toxic  effect  was  associated  with 
dissolved  constituents  and  not  particulates,  the  nominal 
concentration  may  still  be  an  inaccurate  measure  of  toxicity 
because  the  adsorptive  capacity  of  the  solids  may  remove 
dissolved  constituents.  In  the  absence  of  the  solids,  higher 
levels  of  dissolved  constituents  could  persist  and  effects  (e.g., 
death)  might  occur  at  a higher  rate.  Results  based  on  nominally 
reported  concentrations,  therefore,  can  significantly 
underestimate  the  inherent  toxicity  of  the  material,  whether  that 
toxicity  is  associated  primarily  with  the  suspended  particulate 
or  liquid  phases. 

In  the  initial  amphipod  bioassay,  240  g of  sediment  were 
used  in  each  1-liter  test  volume.  Experimental  treatments 
consisted  of  various  dilutions  of  tailings  solids  with  clean 
control  sediment.  A treatment  having  50  percent  tailings  and  50 
percent  control  sediment  was  defined  as  a 120,000  mg/1  tailings 
treatment.  Survival  was  100  percent  in  unmodified  control 
sediment  and  0 percent  in  undiluted  tailings.  Unfortunately,  the 
control  sediment  was  98.5  percent  sand-sized  particles  while  the 
tailings  solids  were  64.7  percent  sand  (E.V.S.  Consultants  1984a, 
p.  A-15) . Rhepoxvnius  abronius . like  many  infaunal  amphipods, 
exhibits  pronounced  sediment  grain-size  requirements  (Oliver  et 
al.  1982,  pp.  179-184;  Oakden  1981,  pp.  1-62).  The  experimental 
treatments  in  which  amphipods  were  exposed  differed  not  only  in 
amount  of  tailings  but  also  in  such  parameters  as  grain  size  and 
organic  content.  The  difference  in  particle  size  would  affect 
particle  settling  rates,  and  organics  may  provide  a food  source 
for  amphipods.  An  experiment  in  which  organics  were  removed  from 
the  control  sediment  resulted  in  high  control  mortality  of  17-70 
percent;  the  cause  could  not  be  determined.  The  mortalities  in 
the  experimental  treatments  varied  directly  with  decreases  in 
these  parameters  as  well  as  increasing  tailings.  Since  the  exact 
mode  of  effect  is  therefore  not  known,  it  is  not  clear  whether 
the  reported  nominal  LC50  value  appropriately  describes  the 
toxicity  of  the  tailings  to  this  species. 

In  subsequent  tests  with  the  second  batch  of  tailings,  mussel 
larvae  were  tested  in  a similar  fashion  as  before  with  up  to 

200.000  mg/1  tailings.  Although  a similar  EC50  value  was  found, 
the  concentration  of  tailings  in  the  water  column  over  the  48-hr 
period  was  not  the  nominal  concentration. 


102 


Static  test  conditions  were  also  used  on  the  Dungeness  crab 
zoea,  thus,  nominal  concentrations  are  not  the  exposure 
concentration.  These  experiments  were  also  plagued  by 
significant  mortalities  at  high  concentrations  (56,000-250,000 
mg/1)  within  48  hrs  and  significant  mortalities  in  controls  and 
low  concentrations  by  the  end  of  the  96-hr  test  period.  A 48-hr 
LC50  of  170,000  mg/1  was  interpolated  using  survival  data  from 
the  three  highest  test  concentrations  (56,000-250,000  mg/1). 

The  amphipod  bioassay  tests  on  the  second  batch  of  tailings 
was  conducted  in  a manner  identical  to  that  of  the  first  batch. 
Two  major  differences  are  that  the  second  batch  of  tailings  had  a 
higher  percentage  of  fines  (10.7  percent  clay  versus  2.4  percent) 
and  a lower  total  organic  carbon  content  (90  versus  400  ug/g) 
(E.V.S.  Consultants  1984b,  p.  20).  The  lower  LC50  observed  with 
the  second  batch  may  result  from  the  effect  of  smaller  grain 
size,  or  perhaps  the  lower  organic  content,  or  different  milling 
reagents,  or  any  combination  of  these  factors. 

The  considerations  described  above  suggest  that  the  reported 
toxic  concentrations  for  Quartz  Hill  mill  tailings  likely 
underestimate  the  actual  concentrations  at  which  acute  effects 
may  occur.  Data  from  amphipod  bioassays  suggest  that  survival  of 
this  species  is  adversely  affected  with  tailings  composing  30-50 
percent  of  the  sediment.  It  is  not  known  whether  other  burrowing 
species  with  sediment  grain-size  requirements  would  react 
similarly. 

Acute  toxicity  studies  also  have  been  performed  with  tailings 
from  the  Kitsault  Molybdenum  Mine  located  on  Alice  Arm,  40  km  to 
the  east  of  Quartz  Hill  (Anderson  and  Mackas  1986) . The  milling 
process  and  reagents  used  at  the  Kitsault  mine  are  similar  to 
those  proposed  for  use  at  Quartz  Hill  (Burling  et  al.  1981,  pp. 
11-12) . Tailings  were  obtained  from  the  discharge  pipe  and  kept 
frozen  until  test  solutions  were  prepared  just  prior  to 
bioassays.  Preparation  consisted  of  combining  500  ml  tailings 
slurry  (>40  percent  solids)  with  2 liters  of  seawater,  stirring 
vigorously,  and  allowing  a 5-minute  settling  period  before 
decanting.  The  test  solutions  were,  therefore,  a suspended 
particulate  phase  preparation  (EPA/COE  1977)  with  a short 
settling  period. 

Tests  with  various  zooplanktonic  organisms  (two  copoped 
species  and  Euphausia  pacifica)  were  conducted  in  triplicate  in 
1-liter  containers  in  which  particulates  were  kept  in  suspension 
by  slow  rotation  of  the  containers.  The  nominal  concentration 
should  therefore  be  equal  to  the  exposure  concentration. 

Dilutions  of  the  suspended  particulate  phase  were  used  that 
resulted  in  solids  concentrations  from  0 to  >1,100  mg/1;  the 
lowest  test  concentration  (non-control)  was  22  mg/1.  No 
mortality  occurred  after  96  hours.  As  a result,  the  tests  were 
run  to  about  1,000  hr.  Over  this  long  period,  a decrease  in 
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median  survival  time  was  detected  at  a concentration  of  560  mg/1. 
Enhancement  of  survival  was  suggested  up  to  40  mg/1.  These  data 
indicate  that  concentrations  of  suspended  solids  in  all  but  the 
bottom  layer  of  the  fjord  (Figure  3-7)  are  not  expected  to  affect 
zooplankton. 

Chronic  and  Sublethal  Toxicity 

E.V.S.  Consultants  (1984b)  examined  the  effects  of  Quartz 
Hill  pilot  plant  tailings  on  Dungeness  crab  zoea  growth  and 
development,  clam  (Macoma  balthica)  burrowing  behavior,  and 
phytoplankton  (Dunaliella  tertiolecta)  growth.  Problems  with  high 
mortality  of  crab  zoea  in  all  concentrations  (including  controls) 
in  the  first  7 days  prevented  valid  results  at  the  end  of  the  30 
day  test  period. 

Clams  were  maintained  in  control  sediments  or  in  containers 
with  4 cm  of  control  sediment  overlaid  with  1 cm  of  tailings. 
After  1 month  of  testing,  build-up  of  metabolic  wastes  required 
increasing  the  flow-through  rate  of  water  from  1 tank-volume  to 
1.5  tank-volume  per  day.  Food  sources  were  available  to  the 
clams.  Median  time  to  reburial  (ET50)  was  noted  at  0,  1,  2,  3, 

4,  6,  12,  and  16  weeks  by  sieving  40  clams  from  each  of  the 
control  and  test  containers  and  placing  20  clams  in  clean 
sediments  and  20  clams  in  tailings.  Four  experimental  treatments 
were  possible:  control-reared  clams  reburying  in  clean  sediments 

or  tailings,  and  tailings-reared  clams  reburying  in  clean 
sediments  or  tailings. 

Interpretation  of  the  results  is  debatable.  With  the 
exception  of  weeks  2 and  12,  clams  that  were  maintained  in 
tailings  had  generally  a higher  mean  ET50,  i.e.,  took  longer  to 
burrow  into  the  sediments  (E.V.S  Consultants  1984b,  p.  39) . In 
this  type  of  experiment,  variability  is  typically  high  within 
each  test.  Although  the  report  notes  that  analysis  of  variance 
showed  no  significant  difference  in  ET50  between  the  four 
experimental  groups  (E.V.S  Consultants  1984b,  p.  38) , this 
statistical  test  is  based  on  the  mean  of  the  mean  values  noted 
for  each  treatment  each  time  interval  (Mitchell  pers.  comm.). 

Use  of  a nonparametric  statistical  test,  for  example,  may  lead  to 
different  conclusions.  A major  factor  that  would  alter  reburial 
time  is  the  sediment  grain  size  distribution  of  the  control 
sediments  and  tailings.  These  data  are  not  provided;  therefore, 
it  is  not  clear  whether  differences  (or  lack  of  differences)  in 
reburial  times  are  ecologically  meaningful. 

Tests  on  alga  growth  were  conducted  in  triplicate.  Control 
treatments  and  test  concentrations  of  1-10,000  mg/1  tailings  were 
shaken  by  hand  once  daily.  Thus,  the  nominal  concentration  was 
equivalent  to  the  exposure  concentration  for  brief  periods  at 
regular  (daily)  intervals.  Cell  division  initially  was  inhibited 
at  the  higher  concentrations,  but  by  the  end  of  the  13-day 


1 04 


culture  period  the  highest  test  concentration  (10,000  mg/1) 
showed  significantly  greater  cell  density  relative  to  the 
controls  and  other  test  dilutions.  A corresponding  high 
chlorophyll  concentration  in  this  test  culture  indicated  the  alga 
cells  were  healthy. 

Respiration,  feeding  activity,  and  behavior  of  zooplankton 
were  also  monitored  (0-1,100  mg/1  tailings)  as  part  of  the 
Kitsault  study  (Anderson  and  Mackas  1986) . Because  no  mortality 
was  observed  after  96  hr  (see  Acute  Toxicity)  the  tests  (using 
same  individuals)  were  extended  to  about  1,100  hr  (42  days). 
Respiration  increased  somewhat  after  24  hrs  at  low  levels  (<40 
mg/1)  and  decreased  at  higher  concentrations  (100  mg/1)  in  some 
tests.  Feeding  activity  responded  similarly.  No  significant 
effects  on  behavior  were  apparent.  Zooplanktonic  organisms  were 
observed  actively  ingesting  tailings  solids,  but  external 
accumulations  were  not  looked  for. 

Conclusions 


Overall,  the  results  of  the  bioassays  suggest  that  tailings 
are  not  highly  toxic  during  short-term  exposures,  even  for 
zooplankton  and  larval  organisms  considered  highly  sensitive  to  a 
wide  variety  of  toxicants.  The  advantage  of  the  Kitsault  work  is 
that  the  concentration  of  suspended  solids  remained  constant 
throughout  the  test;  therefore,  the  nominal  concentration  is  also 
the  exposure  concentration.  It  is  likely  that  the  effective 
concentrations  determined  with  Kitsault  tailings  are  more 
representative  of  concentrations  that  will  be  effective  in  the 
field. 

The  toxic  effect  of  Kitsault  tailings  is  attributed  to 
primarily  physical  effects  (Mackas  pers.  comm.).  It  is  probable 
that  physical  effects  would  also  dominate  with  Quartz  Hill 
tailings  since  the  milling  process  and  reagent  use  are  similar. 

If  pilot  plants  results  are  representative,  metals  in  the 
dissolved  phase  are  expected  to  be  at  lower  concentrations  in 
Quartz  Hill  tailings  than  in  Kitsault  tailings  (Section  2) . It 
is  therefore  expected  that  toxicity  of  the  dissolved  phase  of 
Quartz  Hill  tailings  will  not  be  greater  than  that  of  Kitsault 
tailings. 

Bioassays  with  Kitsault  tailings  indicate  suspended  solids 
concentrations  of  560  mg/1  over  a 40-day  period  are  necessary 
before  ecologically  important  effects  are  noted.  Zooplankton 
(e.g.,  mysids)  are  often  among  the  more  sensitive  organisms  in 
bioassay  testing,  thus,  it  may  be  that  toxic  effects  on  other 
species  are  not  likely  to  occur  in  areas  with  <560  mg/1  suspended 
solids.  Concentrations  of  suspended  tailings  particulates 
approaching  500-1,000  mg/1  are  unlikely  to  occur  or  persist  in 
either  fjord  except  near  the  bottom  (Section  3) . 
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Greatest  toxicological  concern  lies  with  the  possibility  of 
effects  from  long-term,  low-concentration  exposures  in  the  upper 
mesopelagic  zone.  Paffenhofer  (1972)  studied  life-history  effects 
of  spent  bauxite  ore  on  copepods,  and  found  adverse  effects  on 
mortality,  weight,  and  development  at  a standard  test 
concentration  of  6.1  mg/1.  Thus,  long-term  exposure  to  lower 
concentrations  expected  in  the  mesopelagic  zone  cannot  be 
dismissed  as  a potential  impact,  particularly  when  valid  chronic 
toxicity  tests  remain  to  be  conducted.  The  ability  to  detect 
those  kinds  of  impacts  in  field  populations  is  impaired  by 
temporal  fluctuations  in  a wide  array  of  environmental  factors 
affecting  zooplankton  populations. 

Bioaccumulation  Potential 

Bioaccumulation  of  metals  (Cd,  Cu,  Mn,  Mo,  Pb  and  Fe)  from 
Quartz  Hill  mill  tailings  was  investigated  over  a 4-month 
exposure  period  with  crabs  ( Cancer  maglster) , clams  (Macoma 
balthica) , mussels  (Mvtilus  edulis)  and  sanddabs  ( Citharichthvs 
sticrmaeus)  by  E.V.S.  Consultants  (1984b) . Sediment  analyses  of 
tailings  showed  Cu,  Pb,  and  Mo  elevated  3,  5,  and  60  times  above 
control  sediments;  seawater  analysis  showed  leaching  of  manganese 
and  molybdenum  from  the  tailings.  With  the  exception  of  uptake 
of  manganese  by  mussels,  elevated  tissue  metal  concentrations 
were  not  observed  in  test  organisms  exposed  to  tailings.  No 
behavioral  or  morphological  aberrations  were  noted;  all  organisms 
fed  actively  and  clams  and  crabs  burrowed  readily  into  the 
sediments . 

Body  burdens  of  selected  heavy  metals  have  been  evaluated  in 
resident  organisms  at  the  marine  tailings  disposal  sites  of  other 
mines.  The  most  similar  of  these  other  mines,  in  terms  of  the 
tailings  themselves  and  the  environment  into  which  they  are 
discharged,  is  the  Kitsault  Molybdenum  Mine  on  Alice  Arm  of 
Observatory  Inlet,  approximately  40  km  east  of  Quartz  Hill. 
Tailings  were  discharged  into  Alice  Arm  at  an  average  rate  of 
12,000  tons  per  day  in  1981  and  1982,  and  at  about  half  that  rate 
from  1968-72  (Sullivan  and  Brothers  1979,  p.  1)  when  the  mine  was 
operated  by  B.  C.  Molybdenum.  Substantial  uptake  and 
bioaccumulation  of  Pb,  Cu,  Zn,  and  Cd  in  the  bivalve  Yoldia 
thraciaeformis  (an  indirect  deposit  feeder)  was  found  throughout 
much  of  Alice  Arm  within  7 months  of  the  reopening  of  the 
Kitsault  mine  (Goyette  pers.  comm.;  Goyette  and  Christie  1982, 
p.  40).  McLeay  and  Associates  (1984,  p.56)  also  reported  marked 
bioaccumulation  of  Cd,  Pb,  Mo  and  Zn  in  whole-body  tissues  of 
bivalve  species  exposed  to  Alice  Arm  sediment  containing 
tailings,  but  no  toxic  effects  were  apparent.  However,  the 
organisms  were  not  examined  for  sublethal  toxic  responses  other 
than  physical  condition  factor.  Tissue  concentrations  of  metals 
in  the  other  organisms  (including  a total  of  four  pandalid  and 
crangonid  shrimp  species,  three  king  and  Tanner  crab  species, 
various  flatfish  species,  and  walleye  pollock)  were  not 
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significantly  different  from  prestartup  conditions  after  7 months 
of  operation.  Similarly,  monitoring  by  Amax  of  Canada,  Ltd. 
during  the  first  production  year  found  no  evidence  of  increases 
in  tissue  metal  levels  in  mussels  (Mvtilus  edul_is)  , cockles 
(Clinocardium  nuttallii) , shrimp  (Pandalus  borealis) , or  flatfish 
(Lyopsetta  exilis  and  Hippoqlossoides  elassodon) , but  levels  in 
Yoldia  appeared  to  be  increasing  (Amax  1981  in  Goyette  and 
Christie  1982,  p.  41). 

In  Alice  Arm,  a midwater  tailings  plume  of  fines  developed. 
This  was  usually  of  relatively  low  concentration,  but  a maximum 
of  128  mg/1  was  observed  (Goyette  pers.  comm.).  It  is  not  known, 
however,  whether  the  bioaccumulation  of  metals  observed  in  Alice 
Arm  was  related  more  to  the  presence  of  suspended  particulates  or 
to  slightly  elevated  concentrations  of  dissolved  metals. 

Leachability  testing  performed  with  Kitsault  tailings 
indicated  that  copper  and  lead  leached  more  efficiently  under 
slightly  acidic  conditions  such  as  in  the  digestive  tracts  of 
many  marine  vertebrates  (Goyette  and  Christie  1982,  p.  35). 

Such  data  suggest  that  routes  other  than  direct  uptake  of 
dissolved  metals  from  the  water  column  could  result  in 
bioaccumulation  of  metals  from  tailings  by  vertebrates. 

Ingestion  of  suspended  tailings  particulates  or  of  contaminated 
food  could  potentially  lead  to  metals  accumulation  in  organisms 
otherwise  unexposed  to  tailings  solids  or  increased  levels  of 
dissolved  metals. 

E.V.S.  Consultants  (1984a,  Table  B-20)  noted  accumulations 
of  Quartz  Hill  tailings  solids  on  the  antennae,  uropods,  thoracic 
appendages,  and  throughout  the  digestive  tract  of  euphausiids 
(Euphausia  Pacifica)  in  all  test  concentrations  (as  low  as  a 
nominal  100  mg/1)  during  acute  lethality  bioassays.  The 
laboratory  study  with  Kitsault  tailings  (Anderson  pers.  comm.) 
noted  internal  accumulations  of  tailings  solids  in  the  guts  of 
euphausiids  and  copepods.  Five  of  the  six  most  abundant 
zooplankton  species  in  Boca  de  Quadra  (Metridia  Pacifica . 
Euphausia  pacifica . Calanus  spp. , Cvphocaris  challenqeri , and 
Thvsanoessa  spinifera . but  not  Parathemisto  pacifica)  are  known 
to  typically  undergo  diel  vertical  migration  (VTN  1983b,  p.  47) . 
Similar  behavior  is  expected  in  Boca  de  Quadra  and  Smeaton  Bay. 
Euphausiids  are  known  to  be  utilized  directly  by  pollock, 
poachers,  eelpouts,  and  pandalid  shrimp  in  the  deep  benthic  food 
web  of  both  fjords  (Section  4) . Euphausiids  are  also  consumed  by 
pollock,  herring,  dogfish,  other  demersal  fishes,  and  pasiphaeid 
shrimps  in  the  mesopelagic  food  web  (U.  S.  Borax  1983a,  p.  D-34) 
and  by  eulachon  and  herring  in  the  epipelagic  food  web  (U.  S. 
Borax  1983a,  p.  D-31) . Other  organisms  at  higher  trophic  levels 
(e.g.,  baleen  whales)  may  also  ingest  large  numbers  of 
euphausiids. 
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Since  laboratory  experiments  (E.V.S.  Consultants  1984a; 
Anderson  pers.  comm.)  have  found  both  internal  and  external 
accumulations  of  tailings  solids  with  the  zooplankton  species 
tested  to  date,  vertically  migrating  zooplankton  may  serve  as  the 
primary  link  between  elevated  levels  of  suspended  solids  at  depth 
and  marine  vertebrates  in  the  upper  water  column.  Modeling 
(Section  3)  has  predicted  that  decreasing  suspended  particle 
concentrations  are  likely  to  occur  throughout  the  mesopelagic 
zone  up  to  the  50  m (160  ft)  depth,  where  concentrations  are 
expected  to  be  5-20  mg/1.  Significant  numbers  of  vertically 
migrating  zooplankton  organisms  are,  therefore,  likely  to 
encounter  suspended  tailings  particles  and  could  accumulate  and 
transport  them  to  near-surface  water  where  predators  feed.  Once 
in  the  acidic  environment  of  the  vertebrate  gut,  metals  could  be 
leached  out  and  absorbed  into  body  tissues. 

Uptake  of  toxic  levels  of  metals  by  vertebrates  in  the  upper 
water  column  is  not  expected.  A review  of  a wide  array  of 
studies  on  contaminated  sediments  have  shown  that  marine  species 
generally  do  not  show  bioaccumulation  of  heavy  metals,  with  the 
exception  of  mercury,  cadmium,  and  copper  in  mussels  and  oysters 
(Anderson  et  al.  1987,  pp.  273-274).  Most  vertebrates  can 
regulate  metals  accumulation  with  metal-binding  cellular  proteins 
(metallothioneins) . These  proteins  can  control  metal  uptake, 
metabolism,  and  detoxification  over  a relatively  wide  range  of 
environmental  concentrations  (Sanders  et  al.  1983) . Salmon, 
birds,  and  marine  mammals  are  likely  to  obtain  food  in  areas 
outside  of  the  fjord  as  well;  thus,  these  organisms  will  be  able 
to  rapidly  depurate  metals  to  background  levels.  Only  herring  or 
other  resident  species  that  feed  exclusively  on  zooplankton  are 
likely  to  experience  detectable  increases  in  heavy  metal  levels 
in  tissues  as  a result  of  uptake  of  metals  through  the  gut. 

Bioaccumulation  of  water  soluble  hydrocarbons  may  occur  in 
Smeaton  Bay,  particularly  if  both  tailings  and  wastewater  from 
the  marine  terminal  are  discharged  to  Wilson  Arm.  Although  fuel 
oil  will  occur  at  a concentration  of  only  0.015  mg/1  in  the 
tailings  discharge  (Table  2-5) , the  volume  of  tailings  discharge 
results  in  a daily  mass  loading  estimate  of  2.2  kg  (>1.8  1/d). 
Water  soluble  hydrocarbons  are  also  expected  in  surface  runoff 
and  equipment  washdown  water  from  the  marine  terminal  facility 
and  fuel  storage  area.  Although  predischarge  treatment  of  this 
runoff  will  occur,  water  soluble  hydrocarbon  fractions  are 
unlikely  to  be  removed  by  oil  and  grease  separation.  The  total 
loading  of  dissolved  hydrocarbons  to  Smeaton  Bay  is  not  known. 
Bioaccumulation  of  water  soluble  hydrocarbons  is  a well 
documented  phenomenon  (Malins  and  Hodgins  1981) . Uptake  from 
water  can  result  in  tissue  concentrations  as  much  as  1,000-fold 
over  ambient  water  (Roesijadi  et  al.  1978).  Hydrocarbons  are 
known  to  adsorb  readily  to  sediment  and  may  often  persist  for 
years  (Platt  and  Mackie  1980  p.  236) . Biological  uptake  of 
petroleum  hydrocarbons  from  oiled  sediment  is  also  well  known 
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(e.g.,  McCain  et  al.  1978).  Whether  bioaccumulation  of 
hydrocarbons  will  occur  at  levels  that  cause  harm  to  organisms  or 
adversely  affect  fish  harvest  quality  is  not  clear  because  the 
loading  to  Smeaton  Bay  is  not  clearly  understood.  It  is  likely, 
however,  that  effects,  if  any,  would  be  detectable  primarily  in 
benthos  living  in  the  vicinity  of  the  outfall  outside  the 
deposition  zone. 

Biomagnification  (a  successive  increase  in  body  burdens  of 
chemicals  from  prey  to  predator)  is  not  expected  unless  elemental 
mercury  were  transformed  to  methylmercury . This  transformation 
process  would  be  accelerated  once  bacteria  colonize  the  deposited 
tailings  (Callahan  et  al.  1979,  p.  14-9),  but  total  mercury  in 
the  solids  is  expected  to  be  <0.05  mg/kg  (ppm).  This  value  is 
within  the  range  of  mercury  concentration  in  ocean  sediments 
(<0.01-2  ppm)  and  less  than  the  mean  value  (0.1  ppm)  (D'ltri 
1972,  p.  12).  Therefore,  detectable  biomagnification  of 
methylmercury  is  not  likely.  Cadmium  displays  relatively  high 
toxicity  to  marine  life  and  is  readily  bioaccumulated  to 
bioconcentration  factors  up  to  250,000-fold  for  marine 
invertebrates  (Callahan  et  al.  1979,  p.  9-14).  Biomagnification 
of  cadmium  has  been  reported  for  lower  trophic  levels  (primary 
producer  to  grazer) , but  does  not  appear  to  occur  at  higher 
trophic  levels  (European  Inland  Fisheries  Commission  1983, 
p.  14). 


Potential  Human  Health  Impacts 

Herring,  salmon,  Dungeness  crab,  and  shrimp  occur  in  both 
fjords  and  are  harvested  in  nearby  fisheries.  Other  fishes  and 
invertebrates  may  be  harvested  for  recreational  and  subsistence 
use  (Section  6) . Little  harvesting  of  deepwater  benthic 
organisms  currently  takes  place.  During  active  discharge  and 
deposition,  few  harvestable  deepwater  benthic  species  will  be 
available. 

Salmon  would  not  be  in  contact  with  the  liquid  or  solid 
portions  of  the  discharge  if  the  discharge  behaves  as  predicted 
(Section  3) . The  most  likely  pathway  of  contamination  of  these 
harvested  species  is  by  ingesting  contaminated  zooplankton  that 
migrate  between  relatively  clean  near-surface  and  deep  waters 
where  suspended  tailings  fines  may  be  encountered.  Crab,  shrimp, 
and  herring  are  the  most  likely  sources  of  risk  to  humans.  It  is 
unlikely,  however,  that  human  health  would  be  significantly 
affected  unless:  1)  high  body  burdens  of  metals  developed  in 

these  species,  2)  contaminated  organisms  appeared  in  significant 
numbers  in  the  fishery,  and  3)  humans  consumed  large  quantities 
of  them.  The  likelihood  of  all  three  of  these  events  occurring 
is  low.  The  risk  to  human  health  is  lowest  for  discharge  to  the 
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middle  basin  of  Boca  de  Quadra  because  there  is  less  chance  of 
suspended  solids  causing  adverse  effects  in  the  upper  water 
column  (Section  3) . 

If  the  discharge  does  not  behave  as  predicted  and  a plume  of 
fines  impacts  the  near-surface  waters,  more  types  of  organisms 
potentially  utilized  by  humans  would  be  affected,  including  both 
fish  and  intertidal  invertebrates.  Impacts  on  human  health  are 
more  likely  in  this  case,  especially  if  significant  increases  in 
harvests  occur.  Increases  in  harvests  are  not  likely  to  be 
significant  in  the  foreseeable  future  (Section  6) . 


Upper  Water  Column  Effects 

The  potential  for  adverse  biological  effects  to  occur  in  the 
upper  water  column  (above  sill  depth  and/or  above  the  pycnocline 
in  either  fjord)  will  be  a function  primarily  of  the  significance 
(concentration  and  areal  extent)  of  any  midwater  turbidity  plumes 
or  the  extent  to  which  deposited  fines  may  be  resuspended  by 
slumping  or  currents  near  sills  or  near  the  top  of  tailings  piles 
in  the  inner  basin  or  in  Wilson  Arm.  Section  3 describes  modeled 
characteristics  of  the  proposed  discharge  and  deposited  solids. 
The  modeling  did  not  indicate  a significant  probability  of 
suspended  tailings  particulates  reaching  above  the  pycnocline. 
Modeling  suggests  concentrations  of  5-20  mg/1  at  depths  of  50  m 
(160  ft)  during  summer  (strongest  stratification) , and  no 
detectable  solids  in  the  euphotic  zone.  However,  some  turbidity 
is  expected  at  depths  frequented  by  certain  epipelagic  species. 
For  example,  overwintering  herring  have  been  observed  down  to 
150  m (480  ft)  in  Boca  de  Quadra  (Blankenbeckler  pers.  comm.). 
Herring  have  been  reported  to  avoid  suspended  solids 
concentrations  of  about  10  mg/1  in  laboratory  studies  (Messieh  et 
al.  1981;  Johnston  and  Wildish  1981) . Such  behavioral  avoidance, 
if  it  occurs  in  Boca  de  Quadra  or  Smeaton  Bay,  could 
significantly  lessen  the  usable  rearing  space,  and  thus  reduce 
productivity  of  the  system  for  this  species.  Juvenile  salmonids, 
which  occupy  the  upper  20  m of  the  water  column,  should  not  be 
directly  affected  by  discharge  to  either  fjord. 

Indirect  effects  to  the  upper  water  column  could  occur  if 
migrating  mesopelagic  zooplankton  are  detrimentally  influenced  by 
turbidity  during  diel  migration.  Experiments  on  the  effects  of 
suspended  tailings  on  respiratory  rates  have  shown  that 
concentrations  as  low  as  100  mg/1  will  either  increase  or  depress 
respiratory  rates  of  Calanus  marshallae . Euphausia  pacifica . and 
Metridia  pacifica  (Anderson  and  Mackas  1986) , which  are 
mesopelagic  species  common  to  both  fjords.  Increased  respiration 
may  indicate  an  irritation  response;  depressed  respiration  may  be 
a regulated  response  to  noxious  stimulation  or  a reflection  of 
morbidity.  This  level  of  suspended  solids  could  be  encountered 
within  the  depth  range  of  diel  migration  (100+  m) . It  has  been 
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argued  that  increases  in  respiration  could  divert  energy  for 
growth  and  reproduction  (Smith  and  Hargreaves  1984) , and  hence 
reduce  population  abundance.  This  could  then  affect 
phytoplankton  abundance  by  changing  patterns  of  nutrient 
recycling  or  grazing  in  the  upper  water  column. 

Due  to  the  magnitude  of  material  to  be  discharged,  direct 
effects  to  the  upper  water  column  could  be  significant  if  the 
discharge  does  not  behave  as  predicted.  Fines  <10  um  diameter 
are  expected  to  be  discharged  at  a rate  of  approximately  14,400 
tons  per  day  (18  percent  by  weight  of  the  solids)  (Section  3) . 

If  tailing  fines  were  unexpectedly  distributed  into  the  near- 
surface (euphotic  zone)  waters,  a variety  of  impacts  are 
possible.  These  include  decreased  primary  productivity,  which 
would  impact  the  productivity  of  the  epipelagic  and  mesopelagic 
food  webs;  turbidity  or  suspended  solids  affects  on  other 
organisms  (e.g.,  herring,  marine  mammals,  and  migrating  salmonids 
may  avoid  the  area) ; direct  affects  (smothering  and  chronic 
toxicity)  on  intertidal  and  subtidal  organisms;  and 
bioaccumulation  of  heavy  metals  or  process  reagents  (which  could 
lead  to  effects  on  marine  mammals  and  shorebirds) . 

These  effects  are  not  predicted  for  either  fjord  (Section  3) . 
Most  of  the  fines  would  remain  below  the  outfall  depth  (46  m [150 
ft]).  Major  features  that  may  result  in  upper  water  column 
turbidity  are  turbulence  over  sills  (especially  during  deepwater 
renewal  in  summer) , upwelling,  and  weak  stratification  during 
winter.  Most  of  these  issues  are  discussed  in  Section  3.  Of 
the  three  alternative  discharge  locations,  discharge  to  the 
middle  basin  is  least  likely  to  result  in  upper  water  column 
effects  because  the  zones  of  active  deposition  and  slumping  are 
always  far  below  the  pycnocline.  For  inner  basin  discharge  or 
discharge  to  Smeaton  Bay,  the  active  zones  of  deposition  and 
slumping  would  migrate  upward  as  the  basin  fills,  increasing  the 
risk  of  turbidity  in  the  upper  water  column. 


Impacts  of  Tailings  Disposal  on  Benthos 


Burial  of  Benthic  Organisms 

The  most  obvious  impact  of  marine  tailings  disposal  is  burial 
of  the  benthos  over  a large  area.  The  time  frame  and  extent  of 
deposition,  quantities  of  material,  and  processes  resulting  in 
the  burial  of  the  benthos  have  been  discussed  in  detail  in 
Sections  2 and  3.  Impacts  of  benthic  smothering  on  commercial, 
recreational,  and  subsistence  harvests  are  addressed  in  Section 
6.  Solids  deposition  will  occur  primarily  in  the  deep  benthic 
zone  below  the  50-m  (160-ft)  isobath.  Turbidity  in  the 
mesopelagic  zone  will  result  in  some  additional  deposition  of 
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suspended  solids  along  the  sides  of  the  fjord  basin.  The  loss  of 
benthic  biota  would  occur  rapidly  relative  to  the  duration  of  the 
active  disposal  (55  yrs) . 

Under  the  Boca  de  Quadra  inner  basin  disposal  option,  benthic 
smothering  would  occur  in  two  major  phases.  The  first  would 
occur  during  the  spreading  of  tailings  over  450  hectares  (1,100 
ac)  of  the  inner  basin  bottom.  Most  of  this  area  is  expected  to 
be  covered  by  deposited  tailings  within  1.5  years  (U.S.  Borax 
1983a,  p.  D-73) . The  second  major  phase  would  occur  after 
approximately  the  tenth  year  of  discharge  when  tailings  are 
expected  to  begin  spilling  over  the  inner  sill  into  the  middle 
basin.  The  majority  of  1,600  hectares  (4,000  ac)  of  the  middle 
basin  bottom  would  be  covered  within  18  years  (U.  S.  Borax  1983a, 
p.  D-74) . The  remaining  30-45  years  of  discharge  would  not 
result  in  major  new  areas  receiving  deposition.  Rather,  depth  of 
deposition  would  increase  throughout  the  discharge  life. 

If  tailings  were  discharged  only  into  the  middle  basin  of 
Boca  de  Quadra,  deposition  that  occurred  during  the  first  18 
years  over  1,600  hectares  would  cause  the  majority  of  benthic 
smothering.  Turbid  water  from  the  middle  basin  would  spill  over 
the  inner  sill  during  deepwater  renewal  periods  and  cause 
increased  sedimentation  in  the  inner  basin  (Section  3) . Although 
sedimentation  in  the  inner  basin  could  approach  a maximum  rate  of 
30  cm/yr,  turbid  water  is  expected  to  enter  the  inner  basin  only 
seasonally  so  that  actual  deposition  is  not  expected  to  exceed 
15  cm/yr  and  may  be  as  low  as  4 cm/yr  (Section  3) . The  presence 
of  two  downfjord  sills  (Kite  Island  and  outer  sills)  would 
effectively  isolate  suspended  solids  within  Boca  de  Quadra  fjord. 

Discharge  into  Smeaton  Bay  would  fill  the  fjord  basin  in  two 
phases.  During  the  first  4 years  of  operation,  the  tailings  would 
fill  the  Wilson  Arm  basin.  The  discharge  would  then  begin  to 
fill  the  basin  of  Smeaton  Bay,  reaching  the  base  of  the  deep 
middle  sill  within  12  years  and  filling  the  entire  basin  to 
within  45  m (145  ft)  of  the  top  of  the  outer  sill  in  55  years. 
Because  the  outer  sill  is  below  the  level  of  the  pycnocline, 
suspended  fine  tailings  would  advect  into  Behm  Canal. 

Rhoads  (1974)  reviewed  the  literature  regarding 
animal/sediment  relationships  in  soft-bottom  marine  habitats  and 
suggested  that  suspension  feeders  (e.g.,  some  polychaetes,  some 
bivalves,  and  ophiuroids)  are  generally  excluded  from  turbid 
environments.  This  can  be  due  to  either  their  feeding  apparatus 
becoming  clogged  with  suspended  particles  or  because  eggs  and 
larvae  cannot  survive  in  such  habitats.  By  contrast,  deposit 
feeders  do  not  show  the  same  negative  effects  from  increased 
turbidity  because  they  do  not  rely  upon  filtration  for  food 
acquisition.  Moreover,  Rhoads  (1974,  p.  295)  states  that  it  is 
reasonable  to  expect  that  eggs  and  larvae  of  infaunal  mud 
dwelling  species  will  be  minimally  affected  by  increased 
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turbidity.  Thus,  the  strongest  negative  effects  of  increased 
turbidity  near  zones  of  active  deposition  or  slumping  should  be 
exerted  on  suspension  feeders  and  may  result  in  their  exclusion 
from  some  areas  below  the  pycnocline. 

Deposition  of  15  cm  of  tailings  per  year  in  the  inner  basin 
as  a result  of  middle  basin  discharge  could  be  important  to  some 
infaunal  species.  Much  of  the  deposition  is  expected  to  occur 
during  the  summer  (deepwater  renewal)  when  many  species  are  at 
peak  abundance.  Larvae  and  juveniles  of  small  infaunal  organisms 
that  do  not  readily  burrow  may  be  particularly  susceptible. 
Effects  of  smothering  benthic  invertebrates  with  mill  tailings 
were  examined  by  VTN  (1983a,  p.  12)  in  the  inner  basin  of  Boca  de 
Quadra.  The  mid-depth  benthic  assemblage  (Table  4-2)  resides  at 
this  depth  (95  m [310  ft]).  Resident  infaunal  assemblages  were 
sampled  using  a 0.1  m2  Van  Veen  bottom  grab.  The  upper  portion 
of  each  grab  sample  was  removed,  placed  in  a 30  x 30  cm  plastic 
tub,  and  covered  with  a prescribed  thickness  of  mine  tailings  (2, 
4 , or  8 cm) . The  authors  do  not  describe  the  source  or 
characteristics  of  the  tailings.  Control  samples  were  treated 
identically,  except  that  they  were  not  covered.  The  plastic  tubs 
were  then  placed  in  racks,  lowered  to  the  bottom  of  the  fjord, 
and  retrieved  after  either  5 days  or  3 months.  Upon  retrieval, 
overlying  tailings  were  separated  from  the  ambient  sediments 
underneath,  and  organisms  in  each  fraction  were  sieved  through  a 
1-mm  screen,  preserved,  and  identified. 

Smothering  data  were  analyzed  in  two  ways.  First,  raw 
densities  of  all  species  in  tailings  and  underlying  sediments 
were  determined.  However,  these  data  included  recently  settled, 
as  well  as  smothered,  specimens.  A second  method  of  analysis  was 
designed  to  separate  these  two  types  of  organisms.  Only 
polychaetes  were  sufficiently  abundant  to  be  included  in  the 
second  analysis.  Size  of  individual  polychaetes  was  measured  and 
those  individuals  considered  too  small  to  have  been  present  at 
the  beginning  of  each  experiment  were  removed  from  the  analysis. 

Results  of  the  smothering  experiment  after  5 days  duration 
suggest  that  most  organisms  in  the  overlying  tailings  had  settled 
during  the  experiment  and  that  few  had  migrated  up  into  the 
tailings  from  underlying  sediments  (VTN  1983a,  pp.  41-43) . 

Results  after  3 months  duration  are  similar,  except  that  the 
polychaete  Polvdora  socialis  was  relatively  abundant  in  overlying 
tailings.  For  both  experiments,  a larger  number  of  organisms  and 
species  were  generally  found  in  the  underlying  sediments  than  in 
the  tailings.  For  the  3-month  experiment,  polychaete  species  in 
underlying  sediments  were  inversely  related  to  depth  of  tailings, 
ranging  from  nine  species  in  control  samples  to  three  species 
under  8 cm  of  tailings. 
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These  smothering  experiments  suggest  that  although  a number 
of  polychaete  species  may  survive  burial  by  tailings  up  to  8 cm 
deep,  few  are  likely  to  crawl  up  through  the  tailings  (VTN  1983a, 
pp.  41-43) . A notable  exception  was  Polvdora  socialis . Other 
species  found  in  control  samples  but  not  in  tailings  or 
underlying  sediments  either  did  not  survive  burial  or  crawled  to 
the  surface  and  died.  The  implication  of  these  conclusions  is 
that  most  colonization  of  benthic  assemblages  smothered  with  mine 
tailings  should  come  from  either  larval  settlement  or  lateral 
migration  of  organisms. 

The  effects  of  smothering  would  be  most  acute  near  flow 
channels  of  discharged  material.  The  flow  of  discharged  material 
behaves  much  like  a meandering  river,  as  it  periodically  shifts 
its  course  in  response  to  changes  in  bottom  slope,  ambient 
current,  etc.  Therefore,  it  is  conceivable  that  some  benthic 
colonization  could  occur  within  localized  areas  of  the  bottom  at 
a distance  from  the  flow  channel.  However,  no  information  exists 
comparing  the  rate  of  colonization  to  the  rate  of  change  in  the 
location  of  active  tailings  deposition  or  density  current  flow. 

It  seems  unlikely  that  many  species  would  settle  and  survive 
within  the  very  turbid  benthic  environment  created  by  discharge, 
even  away  from  the  channel  flow. 

Ellis  (pers.  comm.)  observed  the  effects  of  mill  tailings 
deposition  at  Island  Copper  on  burrowing  activity.  The 
observations  were  made  from  a submersible  vehicle.  In  areas  of 
light  tailings  deposition  (1-2  cm) , a large  number  and  variety  of 
burrow  holes  were  seen,  resembling  a natural  benthic  community. 

In  areas  of  moderate  tailings  deposition  (5-10  cm) , a dramatic 
decline  in  burrow  diversity  was  found.  Virtually  all  burrows  in 
these  areas  were  made  by  the  burrowing  anemone  Pachvcerianthus 
f imbriatus (?) . In  areas  of  heavy  tailings  deposition  (>60  cm) , 
there  were  no  signs  of  deep-burrowing  organisms.  These 
observations  suggest  that  tailings  deposition  inhibits  the 
establishment  and  maintenance  of  deep-burrowing  infaunal 
populations.  It  is  not  clear  whether  deep-burrowing  organisms 
were  smothered  or  if  burrowing  capabilities  were  altered  by 
density  characteristics  of  the  tailings. 

Alteration  of  Community  Structure  and  Productivity 

After  discharge  and  tailing  deposition  ceases  in  an  area, 
colonization  of  the  sediment  by  infaunal  and  epibenthic  organisms 
may  take  place.  Because  large  areas  will  be  affected, 
immigration  from  the  fringes  of  the  depositional  area  is  not 
expected  to  be  a major  route  of  colonization.  Initial 
colonization  will  be  primarily  a function  of  the  settlement  of 
larvae  of  benthic  organisms.  The  species  composition  and 
abundance  of  colonizing  communities  will  depend  upon  several 
abiotic  and  biotic  factors,  including  1)  sediment  characteristics 
(grain  size,  organic  content  and  chemical  traits) , 2)  depth,  3) 
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availability  of  larvae  as  a function  of  seasonal  reproductive 
patterns  and  distance  from  the  larval  source,  4)  sediment 
preferences  of  larvae,  and  5)  tolerances  of  newly  settled 
individuals  to  the  benthic  environment.  Initial  colonizers  will 
tend  to  be  those  with  high  reproductive  potentials  and  tolerances 
to  the  tailings'  physical/chemical  characteristics.  Eventually, 
however,  mill  tailings  will  be  covered  by  fluvial  and  organic 
deposits  such  that  the  substrate  will  be  similar  to  predischarge 
conditions.  Since  depth  is  significantly  correlated  with 
infaunal  and  epibenthic  species  composition,  there  may  be 
permanent  changes  in  community  structure  if  changes  in  bathymetry 
are  significant.  Substantial  changes  in  community  structure  are 
expected  in  Smeaton  Bay  or  if  discharge  is  made  to  the  inner 
basin  of  Boca  de  Quadra;  habitats  that  now  support  deep  or  mid- 
depth benthic  assemblages  will  be  transformed  into  mid-depth  or 
shallow  benthic  community  habitat. 

Few  studies  have  been  conducted  on  the  potential  for 
colonization  of  mill  tailings.  Investigations  at  the  B.C. 
Molybdenum  mine  on  Alice  Arm  in  British  Columbia  (now  operated  as 
Kitsault  Mine)  found  substantial  increases  in  the  number  of 
species  and  individuals  in  impacted  areas  1 year  after  deposition 
ceased.  However,  the  abundance  of  species  and  individuals  was 
still  significantly  reduced  in  the  deepest,  most  impacted  areas. 
Furthermore,  cluster  analysis  indicated  that  species  composition 
varied  with  distance  from  discharge.  More  specifically,  the 
trophic  diversity  (number  of  feeding  groups)  increased  with 
increasing  distance  from  the  discharge  (Kathman  et  al.  1984) . 
Thus,  initiation  of  colonization  may  be  relatively  rapid  and 
result  in  significant  increases  in  biomass  or  species  diversity 
within  1 year,  but  more  time  will  be  needed  to  obtain  a benthic 
community  indistinguishable  from  a comparable  area  not 
experiencing  deposition. 

To  examine  effects  of  Quartz  Hill  mine  tailings  on 
colonization  of  benthic  assemblages  in  Boca  de  Quadra,  VTN 
(1983a,  pp.  6-12)  conducted  a series  of  colonization  experiments 
in  conjunction  with  the  smothering  experiments  previously 
described.  Stations  were  located  at  depths  of  95,  150,  and  210 
m,  corresponding  to  the  shallow  (310  ft) , mid-depth  (490  ft) , and 
deep  (690  ft)  benthic  invertebrate  assemblages  respectively 
(Tables  4-2  and  4-3) . 

At  each  station,  a stainless  steel  rack  holding  fifty-four 
10  x 10  cm  plastic  containers  were  lowered  to  the  bottom.  The 
containers  were  filled  either  with  frozen,  ambient  sediments 
(animals  not  removed)  or  with  tailings  supplied  by  U.  S.  Borax. 
The  authors  do  not  describe  the  characteristics  of  the  tailings. 
Following  initial  deployment,  individual  containers  were  added 
and  removed  periodically  to  follow  colonization  trends.  Upon 
retrieval,  sediments  were  sieved  through  a 1-mm  screen,  and 
retained  material  was  preserved  and  identified.  Control  samples 
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were  taken  from  around  the  racks  at  each  station  throughout  the 
study  using  a 0.1  m2  Van  Veen  grab.  Control  data  represented 
natural  fluctuations  in  nearby  benthic  communities  and  were 
compared  with  fluctuations  noted  in  the  colonization  experiments. 

Community  analyses  indicated  that  many  species  found  in 
control  samples  settled  in  the  experimental  samples  within  1 
year.  These  colonizers  included  primarily  polychaetes  and 
crustaceans,  but  molluscs  were  notably  lacking.  Colonization 
patterns  indicated  that  each  sample  was  colonizing  in  the 
direction  of  the  control  samples.  Colonization  was  approximately 
70  percent  more  rapid  in  previously  frozen  sediment  from  each 
site  than  in  tailings.  Shallower  stations  colonized  more  quickly 
and  to  a greater  extent  than  deeper  stations.  Tailings  at  all  but 
the  deepest  station  showed  fastest  rates  of  colonization  in  the 
spring. 

Settlement,  based  on  numbers  of  species,  was  lower  at  210  m 
than  at  150  and  95  m.  The  total  number  of  species  and  specimens 
settling  was  relatively  uniform  throughout  the  annual  cycle  at 
210  m,  whereas  settlement  peaked  from  winter  through  summer  at 
95  m and  peaked  in  spring  and  fall  at  150  m.  With  respect  to 
tailings,  fewer  species  were  found  than  in  control  sediment  at 
95  m,  but  negative  effects  of  tailings  were  not  as  strong  at 
other  depths.  In  fact,  more  species  were  found  in  tailings  than 
in  control  sediments  at  150  m. 

The  study  was  not  carried  out  long  enough  for  any  of  the 
treatments  to  become  indistinguishable  from  the  controls.  It  is 
difficult  to  predict  from  the  existing  data  the  complete  recovery 
time  of  the  benthic  community.  VTN  (1983a,  p.  36)  estimates  6-25 
months  would  be  required,  based  on  linear  extrapolation  of  the 
short-term  colonization  rates.  Actual  recovery,  however,  may 
require  more  time  for  several  reasons.  First,  colonization  rates 
differed  seasonally;  therefore,  linear  extrapolation  may 
underestimate  overall  recovery  time  if  based  primarily  on  data 
from  the  spring.  Second,  the  recolonizing  organisms  differed  in 
some  important  ways  from  the  controls;  for  example,  bivalve 
species  were  lacking  in  the  experimental  samples.  VTN  (1983a, 
pp.  25-26,  30)  assumed  that  bivalves  would  recolonize  later,  but 
how  long  this  might  take  cannot  be  inferred  from  the  data.  Third, 
the  experimental  racks  were  surrounded  by  undisturbed  benthos; 
therefore,  a nearby  source  of  larvae  was  present.  When  major 
areas  of  the  bottom  are  covered  by  tailings  from  the  mine,  large 
portions  of  the  unoccupied  space  will  be  relatively  distant  from 
sources  of  larvae.  The  actual  rates  of  colonization  will, 
therefore,  be  much  more  dependent  on  oceanographic  conditions  and 
behavioral  characteristics  of  larval  stages  of  various  species. 

The  effect  of  changes  in  bathymetry  on  productivity  and 
species  composition  in  these  fjords  is  difficult  to  predict. 
However,  it  is  possible  to  assess  relative  impact,  depending  on 
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the  location  of  discharge.  An  inner  basin  discharge  in  Boca  de 
Quadra  would  eliminate  the  mid-depth  habitat  (100-200  m)  by 
raising  the  bottom  to  sill  depth.  The  spill  of  tailings  into  the 
middle  basin  would  also  affect  deep  benthic  habitat  during  the 
discharge  period,  but  it  would  be  expected  to  recover  when 
deposition  ceased.  A significant  decrease  in  inner  basin  depth 
could  possibly  enhance  productivity  after  cessation  of  the 
discharge  by  increasing  vertical  mixing  of  nutrients  and  bringing 
the  benthos  into  a warmer,  more  productive  zone  of  the  water 
column.  For  example,  since  Dungeness  crabs  are  more  abundant  in 
shallow  areas,  this  could  increase  their  abundance.  The  species 
composition  of  the  inner  basin  would  be  altered  with  the 
elimination  of  the  mid-depth  infaunal  assemblage. 

The  effects  of  discharge  into  the  middle  basin  of  Boca  de 
Quadra  would  be  less  pronounced  than  an  inner  basin  discharge  or 
discharge  to  Smeaton  Bay.  After  tailing  deposition  ceased,  the 
below-sill  volume  of  the  middle  basin  would  have  been  reduced  by 
20  percent,  but  the  range  of  depth  would  not  have  been  altered. 
Hence,  the  deepwater  infaunal  assemblages  characteristic  of  this 
basin  would  eventually  return.  The  advection  of  some  suspended 
tailings  into  the  inner  basin  may  cause  some  loss  and  alteration 
of  the  mid-depth  assemblage;  however,  the  loss  would  not  be  as 
rapid  or  as  complete  as  that  under  direct  discharge  to  the  inner 
basin.  Small  crustacean  (e.g.,  cumaceans,  copepods)  and  some 
polychaete  and  clam  populations  may  be  reduced.  Organisms  that 
feed  on  them  (Figure  5-1)  may  also  be  affected  by  reduced  food 
supplies.  Tolerant  species  could  survive  a depositional  rate  of  a 
few  cm/yr.  Discharge  to  the  middle  basin  is  expected  to  have  no 
effect  in  the  outer  basin  or  oceanic  areas  at  the  mouth  of  Boca 
de  Quadra  due  to  the  isolating  influence  of  the  Kite  Island  and 
outer  sills. 

Discharge  into  Smeaton  Bay  could  have  significant  effects  on 
productivity  and  species  composition  of  benthic  communities.  At 
the  end  of  the  discharge  period,  the  basin  of  this  fjord  would  be 
almost  filled  to  sill  depth  (140  m [460  ft]).  Deep  soft-bottom 
areas  would  be  eliminated,  and  the  fjord  would  become  a 
relatively  shallow  embayment  with  almost  no  physical  separation 
from  Behm  Canal.  Only  a small  basin  behind  a small  sill  less 
than  45  m (150  ft)  high  would  remain.  This  could  potentially 
enhance  productivity  of  this  bay,  and  species  composition  would 
be  substantially  and  permanently  altered  for  several  reasons. 
First,  the  habitat  for  deep  infaunal  assemblages  would  be 
eliminated.  Second,  changes  in  seasonal  patterns  of  nutrient 
cycling  associated  with  the  loss  of  the  basin-and-sill  ecosystem 
could  have  unknown  effects  on  community  structure.  Third, 
although  the  biological  effects  of  the  enclosure  of  bottom  waters 
are  not  well  known,  there  is  some  evidence  that  the  development 
of  fjord  communities  is  affected  by  the  curtailment  of  the  free 
exchange  of  planktonic  larvae  between  fjords  and  open  coastal 
waters  (Pearson  1980) . The  available  information  on  the  recovery 
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of  benthic  communities  following  cessation  of  discharge  in  Alice 
Arm,  B.C.,  is  of  limited  value  in  assessing  potential  long-term 
impact  associated  with  the  complete  elimination  of  a fjord's 
basin-and-sill  configuration.  During  the  discharge  period, 
suspended  solids  will  be  advected  into  Behm  Canal.  However, 
according  to  computer  modeling  the  concentrations  of  solids  are 
projected  to  be  low.  The  impact  of  the  exported  solids  on 
benthic  productivity  or  community  structure  outside  of  Smeaton 
Bay  would  depend  upon  the  nature  of  the  benthic  communities, 
which  presently  is  an  unknown. 


Effects  on  Higher  Trophic  Levels 

Marine  birds  and  marine  mammals  are  potentially  impacted  if 
food  resources  or  habitat  are  altered.  Several  factors  must  be 
considered  in  assessing  risk: 

o Boca  de  Quadra  inner  basin  and  Wilson  Arm, 

respectively,  are  rich  foraging  areas  near  the  Keta 
River  and  Wilson  estuaries,  which  are  major  bird 
habitats . 

o Some  sea  ducks  dive  to  forage  on  fish  and  benthos. 

o Exposure  to  elevated  levels  of  heavy  metals  from 
contaminated  zooplankton  is  possible. 

It  is  not  expected  that  marine  birds  will  directly  encounter 
turbid  water.  Most  birds  forage  to  depths  <20  m (66  ft) , whereas 
most  suspended  solids  are  expected  to  remain  below  the  outfall 
depth  (46  m) . Seals  and  other  marine  mammals  can  forage  at 
greater  depths. 

Of  greatest  concern  is  the  potential  reduction  in  the  herring 
population  and  subsequent  effects  on  seals  and  piscivorous  birds 
such  as  mergansers  and  cormorants.  It  is  not  possible  to 
determine  whether  herring  abundance  will  significantly  change  in 
Boca  de  Quadra  and  Smeaton  Bay.  The  keys  to  this  are  whether 
turbidity  levels  causing  avoidance,  and  resulting  in  loss  of 
foraging  and  overwintering  habitat,  will  occur  at  depths 
frequented  by  herring. 

Discharge  to  the  middle  basin  appears  to  threaten  marine 
birds  and  mammals  less  than  discharge  to  the  inner  basin  or 
Smeaton  Bay  for  several  reasons: 

o It  appears  that  Boca  de  Quadra  inner  basin  and  Wilson 
Arm  support  larger  quantities  of  demersal  fish  and 
benthic  prey  relative  to  the  Boca  de  Quadra  middle 
basin  and  deeper  portions  of  Smeaton  Bay.  These 
shallower  areas  are  also  in  reach  of  most  diving  birds 
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and  mammals.  It  is  expected  that  discharge  to  the 
middle  basin  would  have  relatively  less  impact  on  food 
sources  of  upper  trophic  levels. 

o The  Boca  de  Quadra  inner  basin  and  Wilson  Arm  are 
adjacent  to  important  bird  habitat  in  the  Keta  and 
Wilson  River  estuaries;  the  middle  basin  is  farther 
away. 

o If  discharge  is  to  the  inner  basin  of  Boca  de  Quadra  or 
to  Sroeaton  Bay,  the  areas  of  deposition  and  slumping 
would  move  closer  to  the  water  surface  as  the  basin 
fills.  Thus,  the  major  sources  of  turbidity  move 
closer  to  the  surface.  Even  after  the  bulk  of  the 
solids  spill  over  into  the  middle  basin  of  Boca  de 
Quadra,  deposition  of  fines  is  expected  to  continue 
upfjord  in  the  inner  basin.  In  contrast,  sources  of 
high  turbidity  will  remain  in  deep  water  throughout  the 
project  if  discharge  is  made  directly  to  the  middle 
basin. 


Comparison  of  Alternatives 

Within  Boca  de  Quadra,  similar  types  of  biological  impacts 
may  result,  but  the  alternatives  differ  as  to  the  magnitude  and 
significance  of  various  impacts.  Potential  effects  from  toxicity 
and  bioaccumulation  would  be  reduced  under  the  middle  basin 
alternative  in  that  fewer  organisms  would  be  exposed  to  the 
highest  concentrations  of  tailings  solids  or  dissolved  toxicants. 
Biota  in  only  one  basin  would  be  exposed  to  discharge,  in 
contrast  to  inner  basin  discharge  where  biota  from  both  basins 
are  exposed.  The  risk  of  upper  water  column  effects  would  be 
reduced  with  middle  basin  discharge  since  tailings  would  not  be 
forced  to  spill  over  the  more  dynamic  area  of  the  inner  sill  or 
approach  the  range  of  the  pycnocline. 

Direct  smothering  of  the  benthos  will  occur  over  a larger 
area  when  tailings  are  deposited  in  both  basins.  If  deposition 
only  occurs  in  the  middle  basin,  benthic  life  in  the  inner  basin 
will  persist  (although  species  composition  may  be  altered  in  some 
areas  due  to  increased  sedimentation  rates)  and  colonization  of 
the  middle  basin  could  be  accelerated  due  to  sources  of  spawn 
existing  on  both  sides  (i.e.,  outer  and  inner  basins). 

It  is  believed  that  the  potential  for  adverse  impacts  on 
waterfowl  would  be  lessened  under  the  middle  basin  option  in  that 
the  tailings  would  be  least  likely  to  impact  the  Keta  River 
estuary  at  the  head  of  Boca  de  Quadra. 
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Finally,  the  depth  of  the  inner  basin  would  not  be 
significantly  altered  if  discharge  is  made  to  the  middle  basin. 

If  discharge  to  the  inner  basin  were  to  occur,  bathymetry  of  the 
inner  basin  would  be  permanently  altered,  and  the  benthic 
community  would  never  return  to  predischarge  conditions. 
Bathymetry  changes  in  the  middle  basin  under  either  alternative 
are  not  expected  to  result  in  permanent  replacement  of  a deep 
benthic  assemblage  by  a more  shallow  assemblage.  The  greatest 
potential  for  the  most  complete  recovery  (relative  to 
predischarge  conditions)  of  the  diversity  and  productivity  of  the 
benthic  community  is,  therefore,  achieved  under  the  middle  basin 
discharge  alternative. 

In  comparison  to  the  Boca  de  Quadra  discharge  sites,  Smeaton 
Bay  is  somewhat  shallow.  Discharge  to  Smeaton  Bay  would  have 
significant  and  permanent  effects  on  benthic  productivity  and 
composition  of  benthic  communities  because  it  would  become  a 
relatively  shallow  embayment  with  no  remaining  deepwater  infaunal 
habitat  and  essentially  no  physical  separation  from  Behm  Canal. 
Fish  and  benthic  invertebrate  species  in  Wilson  Arm  are 
relatively  abundant  and  would  be  displaced  or  smothered  by 
discharges  to  Smeaton  Bay.  The  amount  of  bottom  area  covered  by 
substantial  deposits  of  tailings  is  comparable  to  that  for 
discharge  to  the  middle  basin  of  Boca  de  Quadra. 

Discharge  to  Smeaton  Bay  is  comparable  to  discharge  to  the 
inner  basin  of  Boca  de  Quadra  in  the  degree  of  risk  it  poses  to 
the  upper  water  column.  In  both  situations,  the  top  of  the 
tailings  pile  occurs  above  the  100  m isobath  as  the  basin  reaches 
capacity.  Active  deposition  and  slumping  events,  therefore,  will 
occur  in  areas  of  the  fjord  that  are  known  to  be  above  the 
pycnocline  during  certain  times  of  the  year.  The  potential  for 
mixing  of  suspended  solids  in  the  upper  100  m of  the  water 
column,  therefore,  is  expected  to  be  greater  for  discharge  to 
Wilson  Arm  or  inner  basin  Boca  de  Quadra  than  for  discharge  to 
the  middle  basin  of  Boca  de  Quadra. 


121 


■ 


. 

. 


122 


Section  6 


COMMERCIAL,  RECREATIONAL,  AND  SUBSISTENCE  HARVESTS 


Summary 

A valuable  herring-roe  fishery  occurs  at  the  mouth  of  Boca  de 
Quadra;  the  herring  fishery  is  one  of  the  largest  in  southeast 
Alaska.  An  estimated  955,000  and  269,000  salmon  per  year  are 
harvested  from  Smeaton  Bay  and  Boca  de  Quadra  salmon  stocks, 
respectively.  Harvests  of  shellfish  and  demersal  fish  are 
limited,  although  a small  pot  fishery  for  shrimp  and  Dungeness 
crab  occurs  throughout  Boca  de  Quadra  and  Smeaton  Bay.  Both 
fjords  have  the  potential  for  supporting  shellfish  and  demersal 
fish  harvests,  particularly  in  the  more  shallow  areas  at  the 
heads  of  the  fjords  or  side  arms.  Although  subsistence  and 
recreational  fishing  occurs  in  both  fjords,  most  recreational  and 
subsistence  harvests  in  the  area  occur  closer  to  populated  areas. 

Salmon  generally  inhabit  the  upper  20  m and  should  not  be 
directly  affected  by  mill  tailings  discharges.  The  food  chain 
leading  to  juvenile  salmonids  may  potentially  be  affected  when 
tailings  deposition  or  mass  slumping  events  occurs  above  the 
pycnocline  near  the  end  of  the  project. 

Discharges  to  the  inner  basin  of  Boca  de  Quadra  could 
significantly  affect  potential  harvests  of  shrimp  in  the  inner 
and  middle  basins  and  existing  harvests  of  Dungeness  crab  in  the 
inner  basin.  If  herring  avoid  suspended  sediment  concentrations 
of  more  than  10  mg/1,  turbidity  in  the  lowe*  depth  range  of 
herring  habitat  could  cause  displacement  of  the  large  population 
of  herring  that  inhabit  the  fjord  year-round. 

Discharge  to  Smeaton  Bay  would  have  effects  on  potential  and 
existing  harvests  of  shrimp  and  Dungeness  crab  similar  to  those 
for  discharge  to  the  inner  basin  of  Boca  de  Quadra. 

Discharge  to  the  middle  basin  of  Boca  de  Quadra  would  be  less 
likely  to  affect  harvests  than  the  alternative  discharges 
because:  1)  less  total  bottom  area  would  be  adversely  affected, 

2)  the  more  productive  shallow  bottom  habitat  of  the  inner  basin 
and  Wilson  Arm  would  be  affected  less,  and  3)  elevated  levels  of 
suspended  solids  and  tailings  deposition  above  the  100  m isobath 
is  less  likely. 
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Commercial  Harvests 


Although  Boca  de  Quadra  and  Smeaton  Bay  are  productive 
habitats  for  fish  and  shellfish  resources,  fishing  within  the 
fjords  has  not  reached  its  potential.  Fishing  for  bottomfish 
such  as  rockfish  and  flatfish  may  occur  periodically  but  is 
limited  because  bottom  substrate  is  generally  unconducive  to 
bottom  trawling,  and  alternative  fishing  grounds  exist  closer  to 
Ketchikan  and  other  ports  (House  pers.  comm.).  As  fishermen  seek 
new  and  productive  fishing  grounds,  fishing  pressure  in  Boca  de 
Quadra  and  Smeaton  Bay  may  increase  along  with  overall  fishing 
activity  in  the  Ketchikan  area. 

Biomass  estimates  of  the  commercially  important  demersal 
species  have  been  estimated  by  Envirosphere  (1984,  Table  4-12) 
for  Boca  de  Quadra  and  Smeaton  Bay  (Table  6-1) . Although  these 
estimates  may  be  useful  for  relative  indices  of  biomass,  care 
must  be  taken  to  not  consider  them  as  absolute  biomass  estimates 
because:  1)  estimates  are  based  on  otter  trawl  data  that  must  be 
considered  subject  to  extreme  bias,  and  2)  obtaining  accurate 
biomass  data  using  an  otter  trawl  in  areas  with  bathymetric 
conditions  as  found  in  Boca  de  Quadra  and  Smeaton  Bay  is 
difficult  at  best.  For  a complete  list  of  assumptions  and 
methods  employed  for  calculating  the  biomass  estimates,  refer  to 
Envirosphere  (1984,  Appendix  G) . 

Although  a sizable  purse  seine  fishery  for  salmon  occurs  in 
the  outer  basin  of  Boca  de  Quadra,  direct  estimates  of  the 
harvest  are  not  available  (Envirosphere  1984,  Table  3-10). 
Harvests  of  salmon,  originating  from  Boca  de  Quadra  and  Smeaton 
Bay  occur  throughout  the  Ketchikan  area  as  the  salmon  return  to 
their  spawning  streams.  Since  1975  an  average  of  9 million  pink, 

500.000  chum,  400,000  coho,  435,000  sockeye,  and  77,000  Chinook 
salmon  have  been  harvested  each  year  in  the  Ketchikan  area  (Table 
6-2).  Of  these  salmon,  an  estimated  average  of  955,000  and 

319.000  salmon  per  year  were  from  Smeaton  Bay  and  Boca  de  Quadra, 
respectively.  Smeaton  Bay  salmon  are  estimated  to  represent  from 
3-10  percent  of  the  Ketchikan  area  harvest,  depending  on  species, 
whereas  Boca  de  Quadra  salmon  represent  from  1-7  percent  of  the 
total  harvest  (Table  6-2) . These  estimates  of  harvested  fish  may 
be  low  because  not  all  of  the  salmon-producing  streams  entering 
the  fjords  were  considered  in  the  evaluation  and  because  20-33 
percent  of  the  salmon  escapement  surveys  were  incomplete. 

Harvests  of  salmon  destined  for  Smeaton  Bay  may  increase  in  the 
near  future  because  of  a 5-year  salmon  enhancement  program 
initiated  in  1985.  This  program  consists  of  stocking  the 
Bakewell  Lake  system  with  600,000  - 700,000  sockeye  fry  per  year 
(Novak  pers.  comm.).  Smeaton  Bay  currently  is  closed  to  Chinook 
salmon  fishing  in  an  effort  to  restore  the  runs. 
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Table  6-1.  Standing  Stock  (kg)  Estimates  of  Important  Demersal  Species  Potentially  Affected  by 
Tailings  Dischargea 


WALLEYE  POLLOCK 

ROCKFISH  FLATFISH 

DUNGENESS  CRAB 

TANNER  CRAB 

POT 

SHRIMPb 

TRAWL  £URIMP° 

Boca  de  Quadra 

Inner  basin 

2,113 

87 

8,320 

2,078 

6 96 

1,201 

7,388 

Middle  basin 

1,836 

1,667 

721 

921 

599 

264 

1,734 

Smeaton  Bay 

1,846 

67 

12,082 

2,608 

7,304 

1,450 

17,863 

a Prom  Envirosphere 

1984;  Table 

4-12. 

Assumptions 

and  methods  us«d 

to  calculate 

the 

biomass 

estimates 

are  listed  in  Envirosphere  1984;  App.  G. 
b Pot  shrimp  ■ spot  and  coonstripe  shrimp. 
c Trawl  shrimp  * sidestripe,  ocean,  and  pink  shrimp. 


Table  6-2.  Commercial  Catch  of  Salmon  from  the  Ketchikan  Area 


YEAR 

CHINOOK 

COHO 

PINK 

CHUM 

SOCKEYE 

Ketchican  Area  Harvestsa 

1975 

116,456 

210,814 

2,395,203 

325,842 

77,612 

1976 

83,910 

226 ,024 

4,343,006 

485,826 

238,400 

1977 

50,267 

270,738 

8,335,833 

375,384 

519,986 

1978 

82,309 

543,122 

16  ,384  ,091 

613,292 

404,205 

1979 

84,020 

393,197 

4,142,402 

266,083 

468,313 

19  80 

52,513 

397,223 

13,335,800 

790,773 

620,504 

1981 

61,054 

501,608 

12,225,525 

295,182 

521,795 

1982 

87,476 

657,7  96 

12,631,692 

815,479 

631,165 

Average 

77,251 

400,065 

9,224,194 

495,983 

435,248 

Harvests  of  Boca  de  Quadra 

Salmon*3 

Estimated  Average 

2,769 

5,7  97 

209,124 

51,559 

50,000° 

Percent  of  Total 

Fishery 

3.6 

1.4 

2.3 

6.8 

11.5 

Harvests  of  Wilson  Arrn/Smeaton  Bay  Salmon^ 

Estimated  Average 

2,479 

16,273 

922,511 

13,481 

ND 

Percent  of  Total 

Fi shery 

3.2 

4.1 

10.0 

2.7 

ND 

a Number  of  fish.  Includes  Annette  Island  harvests. 

b These  estimates  are  based  on  numerous  assumptions. 

Harvest  of  sockeye  based  on  80k  harvest  rate  of  the  Hugh  Smith  Lake  stock. 

ND  No  data  available. 

SOURCE:  Envirosphere  1984,  Table  3-10,  Appendix  G,  Table  3-1;  House  pers.  comm.; 

Peltz  pers.  comm. 
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The  mouth  of  Boca  de  Quadra  and  vicinity  has  been  the 
location  of  a major  herring-roe  fishery  in  southeast  Alaska  since 
1975.  Gill  net  harvests  of  mature  herring  have  increased  from 
424  to  3,239  mt  in  recent  years  (Table  6-3).  The  annual 
monetary  value  of  herring  harvests  since  1984  have  been 
approximately  $1.6-3. 3 million  (House  pers.  comm.).  Herring  are 
harvested  by  setting  stationary  gill  nets  near  the  shore  during 
late  March/early  April  when  mature  herring  are  returning  to 
spawn.  Although  fishing  for  herring  does  not  occur  within 
either  fjord,  juvenile  herring  utilize  Boca  de  Quadra  and, 
perhaps  to  a lesser  extent,  Smeaton  Bay  as  a rearing  habitat. 

A Dungeness  crab  and  shrimp  fishery  occurs  in  Boca  de  Quadra 
and  periodically  in  Smeaton  Bay.  On  average,  1,057  kg  (2,325 
lbs)  of  crab  and  867  kg  (1,907  lbs)  of  shrimp  are  taken  each  year 
in  Boca  de  Quadra  for  an  exvessel  value  of  $2,232  and  $6,655, 
respectively  (Table  6-4) . Peak  harvest  years  have  brought  in 
$5,900  and  $47,500  for  crab  and  shrimp,  respectively.  In 
contrast,  only  184  kg  (404  lbs)  of  shrimp  per  year  are  taken  from 
Smeaton  Bay  for  a total  yearly  value  of  $1,945.  Both  crab  and 
shrimp  are  harvested  with  pots.  Primary  fishing  grounds  for  crab 
are  at  the  mouth  of  Mink  Arm  and  at  the  heads  of  bays,  e.g..  Mink 
Arm,  Marten  Arm,  the  inner  basin  of  Boca  de  Quadra,  Wilson  Arm, 
and  Bakewell  Arm.  Shrimp  are  harvested  in  areas  of  precipitous 
drop-off  such  as  the  mouths  of  Boca  de  Quadra,  Mink  Arm,  and 
Smeaton  Bay.  Presently  only  spot  and  coonstripe  shrimp  are 
harvested  because  of  difficulties  of  trawling  in  the  fjords  for 
pink,  ocean,  and  sidestripe  shrimp. 

Biomass  estimates  of  Dungeness  crab  and  shrimp  for  both 
fjords  are  presented  in  Table  6-1.  Again,  caution  must  be  taken 
when  using  these  estimates.  They  are  appropriate  only  as 
relative  indices  of  biomass  for  the  purpose  of  within-fjord  and 
between-f jord  comparisons. 

Tanner  crab,  also  of  commercial  importance,  are  abundant  in 
Boca  de  Quadra  and  Smeaton  Bay,  but  most  are  less  than  legal  size 
(140  mm)  (Envirosphere  1984,  pp.  3-77).  Biomass  estimates  of 
tanner  crab  for  both  fjords  are  presented  in  Table  6-1.  Biomass 
of  juveniles  in  Boca  de  Quadra  trawl  samples  (<110  mm  carapace 
diameter  for  males  and  <88  mm  carapace  diameter  for  females)  was 
significantly  greater  than  adult  biomass  (VTN  1980,  p.  132, 

Figure  4-3-20) . The  dominance  of  juvenile  Tanner  crab  in  Smeaton 
Bay  was  not  as  great  (VTN  1981b,  Figures  4.3-33-36).  Presently 
Tanner  crab  are  not  harvested  in  either  fjord.  Harvests  of 
Tanner  crab  in  the  Ketchikan  area  are  small,  680  kg/yr  (1,500 
lb/year  [Envirosphere  1984,  pp.  3-80])  relative  to  the  entire 
southeast  Alaska  catch  of  1.8  million  kg  (4  million  lbs)  in  1980 
(ADFG  1982) . 
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Table  6-3 . Commercial  Herring  Harvests  Near  the  Mouth  of  Boca  de 
Quadra  and  Vicinity  (Kah  Shakes  Cove) , 1976-84 


YEAR 

HARVEST 
( METRIC  TONS ) 

QUOTA 

( METRIC  TONS} 

1975 

No  Fishery 

- 

1976 

424 

300 

1977 

820 

800 

1978 

170 

680 

1979 

528 

585 

1980 

1,140 

1,110 

1981 

1,840 

1,550 

1982 

2,279 

1,900 

1983 

3,239 

2,500 

1984 

2,100 

2,100 

1985 

2,160 

2,300 

1986 

1,538 

1,100 

1987 

1,440 

1,200 

1988 

850 

950 

SOURCE:  House  pers.  comm. 
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Table  6-4 


. Estimated  Commercial  Catch  of  Shellfish  in 
Boca  de  Quadra  and  Smeaton  Baya 


DUNGENESS 

CRAB  (lbs) 

SHRIMP 

(lbs) 

YEARb 

Boca  de 
Quadra 

Smeaton 

Bav 

Boca  de 
Ouadra. 

Smeaton 

Bay 

196  9 

0 

0 

0 

1,2  80 

1970 

324 

0 

4 ,054 

0 

1971 

2,059 

0 

815 

2,190 

1972 

2,164 

0 

1 ,190 

165 

1973 

4,523 

0 

0 

0 

197  4 

1,765 

1,020 

0 

80  8 

1975 

5,315 

1,036 

0 

0 

1976 

0 

0 

53  8 

46  5 

1977 

4,951 

2,615 

0 

25 

197  8 

852 

1,088 

0 

0 

1979 

1,996 

188 

1,380 

412 

1980 

3,270 

112 

13  ,609 

32 

1981 

1,486 

_._c 

4,612 

1982 

6,172 

— , 

1,211 

1,314 

1983 

— 

— 

1,196 

— 

Average 

2,325 

404 

1,907 

446 

Valueb 

$2,232 

$388 

$6,655 

$1,557 

Peak 

6,172 

2,615 

13,609 

2,109 

Valueb 

$5,925 

$2,510 

$47,495 

$7,643 

a Harvest  values  may  be  low  because  of  incomplete  reporting  of  catch 
specific  to  Boca  de  Quadra  or  Smeaton  Bay. 
b Based  on  value  of  $0. 96/lb  for  Dungeness  crab  and  $3. 49/lb  for 
shrimp. 

c No  reported  catch. 

SOURCE:  Envirosphere  1984,  Appendix  G,  Tables  7-1  and  7-2. 
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The  importance  of  Boca  de  Quadra  and  Smeaton  Bay  as  a 
spawning  and  rearing  habitat  for  Ketchikan  area  Tanner  crab  is 
not  likely  to  be  significant.  Both  juvenile  and  adult  Tanner 
crab  have  been  taken  from  the  fjords.  Migration  data  from  Kodiak 
Island  suggest  Tanner  crab  spawn  and  rear  in  bays  such  as  Boca  de 
Quadra  or  Smeaton  Bay,  then  the  males  move  offshore  (Donaldson 
pers.  comm.).  However,  migration  distances  of  these  crab  were 
generally  less  than  24  km,  considerably  less  than  the  length  of 
Boca  de  Quadra  (50  km)  but  similar  to  the  length  of  Smeaton  Bay 
(24  km) . Tanner  crab  are  not  known  to  undergo  seasonal  or 
ontogenic  migrations,  such  as  the  migrations  by  king  crab  in  the 
Bering  Sea  (Somerton  pers.  comm.).  It  is  possible  that  Smeaton 
Bay  and  Boca  de  Quadra  may  contribute  to  Tanner  crab  stocks  in 
Behm  Canal  and  the  Revillagigedo  Channel,  but  this  contribution 
is  not  likely  to  be  significant. 


Subsistence  Harvests 


Subsistence  harvests  are  important  culturally  and  as  a food 
source  to  native  Americans  throughout  southeast  Alaska.  Although 
subsistence  harvests  occur  in  Boca  de  Quadra  and  Smeaton  Bay, 
other  areas  closer  to  town  are  utilized  more  frequently  (House 
pers.  comm.).  Species  that  are  harvested  for  subsistence 
purposes  in  both  fjords  include  herring  roe  on  kelp,  whole 
herring,  shrimp,  crab,  flatfish,  and  rockfish.  Some  salmon  are 
harvested,  although  Alaska  Department  of  Fish  and  Game  (ADFG) 
encourages  subsistence  fishermen  to  fish  in  other  areas. 

Subsistence  harvests  occur  primarily  during  spring  and 
summer.  Catch  statistics  are  not  available  for  most  species, 
although  148  sockeye  salmon  were  taken  from  Hugh  Smith  Lake  in 
1984  (Larson  pers.  comm) . It  is  likely  that  harvesting  will 
increase  as  fishermen  seek  new  and  productive  areas. 


Recreational  Harvests 

Although  Boca  de  Quadra  and  Smeaton  Bay  contain  substantial 
sportfish  resources,  utilization  of  the  area  by  sport fishermen  is 
not  great  because  of  the  distance  from  population  centers. 
Nevertheless,  both  fjords  provide  a significant  source  of 
recreation  for  sportsmen  willing  to  travel  long  distances. 

Fishing  for  salmonids  is  the  main  activity  of  sport fishermen 
in  Boca  de  Quadra  and  Smeaton  Bay.  Humpback  Creek  near  Mink  Arm 
is  known  for  large  and  abundant  steelhead  trout  (Doherty  pers. 
comm.).  Coho  salmon,  steelhead  trout,  and  sea-run  cutthroat 
trout  are  taken  by  fishermen  at  the  Hugh  Smith  Lake  area  near 
Marten  Arm.  Salmonids  such  as  sea-run  cutthroat,  Dolly  Varden, 
steelhead,  and  coho  are  caught  at  the  Keta  and  Marten  Rivers, 
although  sportfishing  at  these  rivers  is  less  than  at  other 
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rivers  near  the  mouth  of  Boca  de  Quadra  because  of  the  distance 
from  Ketchikan.  Less  numbers  of  steelhead  and  sea-run  cutthroat 
trout  are  captured  in  Smeaton  Bay  (Siedelman  pers.  comm.). 
Sportfish  catch  records  for  salmonids,  marine  fish,  and  shellfish 
in  the  Ketchikan  area  are  shown  in  Table  6-5.  Approximately  80- 
108  Chinook  salmon  and  35-172  coho  salmon  returning  to  Quartz 
Hill  streams  are  taken  annually  (Envirosphere  1984,  pp.  3-63). 
Catch  records  specific  to  Boca  de  Quadra  and  Smeaton  Bay  are  not 
available  for  other  species. 

Other  fish  and  shellfish  are  harvested  by  sport fishermen  in 
the  two  fjords.  Good  fishing  areas  for  halibut  and  rockfish  are 
in  the  outer  basin  and  near  the  mouth  of  Boca  de  Quadra  (House 
pers.  comm.).  Dungeness  crab  and  shrimp  are  taken  occasionally, 
probably  at  locations  similar  to  the  commercial  harvest. 


Comparison  of  Alternative  Discharge  Locations 


Effects  of  Boca  de  Quadra  Inner  Basin  Discharges  on  Harvests 

Effects  on  Harvest  Quantity.  A significant  commercial 
fishery  does  not  presently  exist  in  Boca  de  Quadra,  and  most 
sport  and  subsistence  fishing  occurs  in  the  outer  portion  of  Boca 
de  Quadra.  There  are,  however,  significant  fish  and  shellfish 
resources  in  the  fjord  that  potentially  could  be  harvested. 
Herring  and  salmon  that  use  Boca  de  Quadra  at  some  point  in  their 
life  history  may  contribute  in  an  important  way  to  the  existing 
regional  fishery.  Thus,  discharge  to  Boca  de  Quadra  inner  basin 
has  the  potential  to  impact  existing  and  potential  commercial, 
recreational,  or  subsistence  harvests. 

Salmon  would  be  directly  impacted  only  if  impacts  from  mill 
tailings  discharge  occur  in  the  upper  20  m (66  ft)  of  the  water 
column  or  in  estuarine  habitats.  Since  these  are  not  expected 
with  discharge  to  Boca  de  Quadra  (Section  3) , significant  impacts 
on  salmon  fisheries  should  not  occur  as  a result  of  mill  tailings 
discharge.  There  is  a possibility  that  juvenile  salmon  could  be 
affected  if  their  zooplankton  food  supply  was  reduced,  and  this 
might  have  some  minor  effects  on  fisheries.  Discharge  of 
tailings  to  the  inner  basin  will  create  a tailings  pile  whose 
peak  would  reach  70-80  m below  the  surface.  During  the  period  in 
which  turbidity  flow  channels  to  the  middle  basin  are  still  being 
established,  slumping  and  other  mass  movement  events  are  likely 
to  inject  suspended  fines  into  the  depth  range  of  zooplankton 
that  contribute  to  juvenile  salmon  diets.  The  critical  period 
for  these  potential  indirect  effects  is  likely  to  be  limited  to 
the  later  stages  of  filling  the  inner  basin,  and  is  expected  to 
be  less  significant  once  channels  carrying  turbidity  currents  to 
the  middle  basin  are  well  established. 
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Table  6-5.  Ketchikan  Area3  Sportfish  Harvest  (Number) , 1979-82 


YEAR 


SPECIES 

1979 

1980 

1981 

1982 

Chinook 

-4,165 

5,415 

5,6  83 

6,215 

Coho 

2,336 

6,914 

5,132 

11,442 

Sockeye 

291 

361 

54 

126 

Pink 

4,728 

15,885 

8,200 

17,23  8 

Chum 

72 

293 

634 

230 

Steelhead 

290 

748 

480 

773 

Cutthroat  (searun) 

ND 

ND 

ND 

577 

Dolly  Varden  (searun) 

ND 

ND 

ND 

503 

Halibut 

1,359 

5,260 

4,634 

5,963 

Rockfish 

8,491 

18,415 

20,581 

21,023 

a Ketchikan  area  (Area 

A)  : All 

waters  from 

Portland 

Canal  to 

Ernest  Sound,  including  Duke, 

Annette,  and 

Gravina 

Islands 

and  associated  waters. 
ND  - No  data  available. 
SOURCE:  Mills  1983. 
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Some  impact  on  demersal  fish  populations  in  Boca  de  Quadra  is 
likely  because  of  tailings  deposition  and  increased  turbidity  in 
deep  habitats  during  the  discharge.  Discharge  to  the  inner  basin 
also  will  permanently  modify  the  benthic  community  in  the  inner 
basin  (Section  5)  to  a shallow  benthic  assemblage.  The  magnitude 
of  the  impact  will  be  greater  for  discharge  to  the  inner  basin 
than  for  middle  basin  discharge  because  two  basins  are  disturbed 
rather  than  one,  and  the  benthic  community  type  in  the  inner 
basin  will  be  permanently  altered.  Nevertheless,  the  significance 
of  this  impact  for  current  and  future  harvests  is  judged  to  be 
low.  It  is  doubtful  that  commercial  bottomfishing  would  be 
established  in  a significant  way  in  Boca  de  Quadra  because  of  the 
bottom  conditions.  The  contribution  of  Boca  de  Quadra  bottomfish 
to  harvests  outside  the  fjord  is  unknown,  but  is  likely  to  be 
minor.  Based  on  depth  preferences  from  other  areas,  species  such 
as  rock  sole  and  English  sole  could  benefit  from  conversion  of 
450  hectares  (1,100  ac)  of  bottom  habitat  into  a more  shallow 
benthic  community,  whereas  others  such  as  rex  sole,  flathead 
sole,  and  halibut  could  decline  in  number.  The  magnitude  of 
benefit  or  loss  cannot  be  calculated,  however,  because  the  stock 
estimates  (Table  6-1)  are  useful  only  for  relative  comparison 
between  basins. 

Discharge  to  the  inner  basin  eventually  will  fill  the  basin 
to  a depth  that  overlaps  with  the  known  distribution  of 
overwintering  herring  as  well  as  with  the  pycnocline.  Juvenile, 
overwintering  herring  are  known  to  lie  on  the  bottom  during  the 
day  at  depths  of  125-150  m (410-490  ft)  and  rise  into  the 
overlying  water  column  at  night  (Blankenbeckler  pers.  comm.). 
Laboratory  tests  indicate  herring  may  avoid  suspended  sediments 
at  concentrations  as  low  as  10  mg/1,  although  herring  in  the  wild 
may  have  different  tolerance  levels  (Johnston  and  Wildish  1981) . 
Thus,  there  is  some  concern  about  the  effects  of  turbidity  and 
habitat  displacement  on  herring  (Section  5) . 

Estimates  of  the  contribution  of  herring  in  Boca  de  Quadra  to 
the  herring  fishery  in  the  area  have  been  made  based  on  a 
population  estimate  of  980,000  age-1  herring  in  the  inner  basin. 
(This  population  estimate  of  980,000  was  based  on  one  survey 
during  one  winter  season  [Blankenbeckler  pers.  comm.].  A 
population  estimate  was  not  the  major  goal  of  the  survey; 
additional  information  is  required  to  accurately  estimate 
population  size.  The  importance  of  this  value  is  its  indication 
that  Boca  de  Quadra  is  an  important  rearing  habitat  for  herring.) 
Envirosphere  (1984,  p.  4-9)  estimates  that  the  loss  of  980,000 
age-1  herring  is  equivalent  to  a net  loss  of  680,316  age-3  fish. 
This  represents  50,800  kg  of  herring,  0.9  percent  of  the  average 
stock  biomass  for  the  period  between  1978  and  1980,  or  9.3 
percent  of  the  average  Kah  Shakes  herring  roe  catch  (Envirosphere 
1984,  p.  4-9).  Loss  of  all  age-1  herring  is  not  expected, 
however,  because  the  population  likely  moves  freely  between  the 
inner  and  middle  basin  (Blankenbeckler  pers.  comm.).  Displacement 
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of  herring  by  elevated  levels  of  suspended  solids  is  possible, 
however,  and  may  cause  some  reductions  in  populations  because  of 
reduction  in  available  habitat  (Section  5) . Larval  herring, 
which  apparently  originate  from  the  Kah  Shakes  area,  are  more 
abundant  in  the  middle  basin  than  the  inner  basin.  Herring 
spawning  areas  near  Kah  Shakes  and  the  outer  basin  are  not 
expected  to  be  affected  by  sedimentation. 

Shellfish  harvests  by  commercial,  sport,  and  subsistence 
fishermen  in  the  inner  and  middle  basins  could  be  reduced  through 
mortality  and  habitat  destruction  caused  by  tailings  discharge. 
The  zone  of  most  impact  is  likely  to  be  below  100  m,  (330  ft) 
i.e.,  where  turbidity  will  be  elevated.  The  magnitude  of 
potential  losses  cannot  be  predicted;  however,  all  shrimp  species 
and  Tanner  crab  were  most  abundant  below  100  m (VTN  1980,  pp. 
105-112) . Presently,  only  spot  shrimp  and  coonstripe  shrimp  are 
harvested  in  the  zone  below  100  m,  but  over  half  of  the  current 
harvest  occurs  within  this  zone.  Although  Tanner  crab  are 
abundant,  most  individuals  are  juveniles  and  are  not  harvested. 
Loss  of  Tanner  crab  in  the  middle  basin  would  not  likely  affect 
harvests  in  the  Ketchikan  area,  although  future  harvests  in  the 
middle  basin  could  be  altered. 

Although  less  direct  impact  would  occur  to  Dungeness  crab, 
harvests  could  be  reduced.  Dungeness  crab  occur  to  depths  of 
100  m (330  ft)  and  are  most  abundant  above  50  m (160  ft) 
(Envirosphere  1984,  p.  4-12).  Turbidity  and  tailings  deposition 
would  directly  affect  those  crab  below  50  m,  with  increasingly 
adverse  affects  occurring  at  greater  depths.  Crab  above  50  m 
would  likely  restrict  their  migrational  area  or  experience  a 
reduced  food  supply  at  lower  depths.  Thus,  discharge  to  the 
inner  basin  is  likely  to  have  greater  impact  on  Dungeness  crabs 
than  will  middle  basin  discharge  because  more  of  their  preferred 
habitat  type  will  be  disturbed.  The  significance  to  current 
harvests  is  likely  to  be  negligible;  the  effect  on  potential 
harvests  is  unknown  because  stock  estimates  are  inadequate  for 
quantification  of  losses  and  because  it  is  not  known  what 
fraction  of  the  crab  population  in  the  inner  basin  will  be  lost 
at  any  one  time. 

Harvested  species  will  likely  recolonize  the  inner  and  middle 
basins  within  a few  years  of  project  completion.  Some  mobile 
species  will  be  able  to  remain  in  the  inner  basin  in  reduced 
numbers  in  areas  not  undergoing  active  deposition.  Tailings 
discharged  into  the  inner  basin  will  fill  the  inner  basin  to  the 
depth  of  the  sill  (110  m [360  ft])  within  the  first  10  years  and 
thereafter  would  spill  into  the  middle  basin  (Section  3) . 

Species  that  prefer  shallow  depths,  such  as  Dungeness  crab,  may 
be  more  abundant.  Other  species  that  prefer  deeper  waters,  such 
as  shrimps  and  Tanner  crab,  would  likely  be  less  abundant.  It  is 
not  known  whether  and  to  what  extent  the  rate  of  colonization  of 
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the  tailings  deposit  by  some  species  (e.g.,  crabs  and  shrimp)  may 
be  inhibited  by  the  physical  or  chemical  nature  of  the  mill 
tailings. 

Effects  on  Harvest  Quality.  Bioaccumulation  of  heavy  metals 
and  tainting  of  flesh  in  fish  or  shellfish  captured  for  human 
consumption  are  the  factors  of  most  concern  in  the  assessment  of 
harvest  quality.  Bioaccumulation  of  metals  is  discussed  in 
detail  in  Section  5.  Available  data  suggest  that  toxic  levels  of 
heavy  metals  will  not  be  taken  up  by  most  harvested  species. 
Anderson  et  al.  (1987)  reported  that  only  mussels  and  oysters 
bioaccumulated  trace  metals,  whereas  clams,  fish,  shrimp  and 
other  invertebrates  did  not.  Some  increase  in  heavy  metals  is 
possible  in  herring  as  they  feed  on  sediment-laden  zooplankton 
during  the  summer  months  (Section  5) . Because  feeding  is  reduced 
in  winter,  herring  would  likely  depurate  any  body  burden 
attributable  to  dietary  uptake.  This  bioaccumulation  should  not 
be  significant.  Bivalves,  which  are  likely  to  be  most 
contaminated  of  benthic  species,  are  not  harvested  in  Boca  de 
Quadra.  Species  that  are  only  intermittently  exposed  to  elevated 
metals  concentration  should  not  bioaccumulate  metals. 

Although  tainting  of  flesh  by  organic  milling  reagents,  fuel 
oil,  or  water  soluble  hydrocarbons  is  an  unknown,  flesh  tainting 
appears  to  be  unlikely  because  a)  few  organic  compounds  that 
would  likely  affect  harvest  quality  are  present  in  the  tailings 
discharge,  and  b).  uptake  of  water  soluble  hydrocarbons  is 
expected  to  be  limited  to  small  areas  around  the  discharge 
(Section  5) . 

Effects  of  Boca  de  Quadra  Middle  Basin  Discharges  on  Harvests 

Effects  on  Harvest  Quantity.  Discharge  to  the  middle  basin 
would  likely  affect  harvests  less  than  discharge  to  the  inner 
basin.  Less  harm  to  harvest  quantities  is  expected  because  less 
area  would  receive  deposited  tailings.  Approximately  2,050 
hectares  (5,100  ac)  (i.e.,  the  inner  and  middle  basins)  would  be 
directly  affected  by  discharge  to  the  inner  basin,  whereas  only 
1,600  hectares  (4,000  ac)  (i.e.,  the  middle  basin)  would  be 
directly  affected  by  discharges  to  the  middle  basin.  Some  areas 
in  the  inner  basin  may  be  affected  by  deposition  of  suspended 
solids,  but  these  areas  would  be  substantially  less  than  the  450 
hectares  (1,100  ac)  predicted  for  inner  basin  discharge. 
Furthermore,  less  harm  to  potential  harvests  is  expected  during 
middle  basin  discharge  because  the  inner  basin  benthic  habitat  is 
more  productive  habitat  for  commercially  exploited  species 
(Section  4) . 

Discharge  to  the  middle  basin  would  adversely  affect 
deepwater  demersal  species  such  as  halibut.  Tanner  crab,  and 
shrimp  during  the  period  of  discharge  to  that  basin.  Relatively 
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little  impact  is  expected  to  demersal  fish  and  shellfish  species 
in  the  inner  basin  during  or  after  the  project.  This  is  in 
contrast  to  the  adverse  effects  to  both  basins  when  discharging 
to  the  inner  basin.  Tailings  discharge  to  the  middle  basin  may 
result  in  approximately  20  percent  of  the  total  below-sill  volume 
being  filled  to  a depth  of  110-190  m (360-630  ft)  (Envirosphere 
1984 , Appendix  G) , thereby  resulting  in  addition  of  up  to  400 
hectares  (1,000  ac)  of  mid-depth  habitat.  Because  harvestable 
species  are  expected  to  eventually  colonize  the  affected  area 
after  cessation  of  discharge,  this  change  would  have  minimal 
impact  on  the  harvest  of  shrimp  or  Tanner  crab. 

A major  advantage  of  middle  basin  discharge  is  that  the  zone 
of  active  deposition  or  mass  movement  by  slumping  would  never 
overlap  with  the  pycnocline,  thus,  middle  basin  discharge  offers 
less  hazard  to  pelagic  species  such  as  herring,  salmon,  or 
zooplankton  that  vertically  migrate  into  the  upper  water  column. 
Although  salmon  are  not  expected  to  be  affected  by  middle  basin 
discharge,  the  herring  population  could  be  affected  during  winter 
when  they  are  deeper  (125-150  m)  in  the  water  column 
(Blankenbeckler  pers.  comm.).  A large  number  of  age-1  herring 
were  observed  in  the  inner  basin  during  a winter  survey,  but  it 
is  likely  that  large  schools  move  from  basin  to  basin 
(Blankenbeckler  pers.  comm.).  Thus,  the  major  difference  in 
herring  abundance  in  the  inner  basin  and  middle  basin  is  probably 
only  the  greater  abundance  of  larvae  in  the  middle  basin.  The 
larger  number  of  larvae  in  the  middle  basin  is  probably  because 
of  its  closer  location  to  the  spawning  grounds. 

Effects  on  Harvest  Quality.  No  difference  is  expected 
between  the  Boca  de  Quadra  discharge  options. 

Effect  of  Smeaton  Bav  Discharge  on  Harvests 

Effects  on  Harvest  Quantity.  Most  of  the  effects  on  harvests 
noted  for  Boca  de  Quadra  also  pertain  to  Smeaton  Bay.  The  major 
differences  between  the  two  fjords  are  that  Smeaton  Bay  supports 
a significantly  larger  salmon  run  and  is  further  removed  from  the 
Kah  Shakes  herring  spawning  grounds.  Larval  herring  may  be  less 
abundant  in  Smeaton  Bay,  but  juveniles  are  known  to  overwinter  in 
the  fjord  (Blankenbeckler  pers.  comm.). 

The  potential  for  displacement  of  herring  is  greater  for 
discharges  to  Smeaton  Bay  because  tailings  deposition  and 
slumping  events  will  occur  higher  in  the  water  column  because  the 
top  of  the  pile  will  be  above  the  100  m depth  contour  toward  the 
end  of  the  project.  EPA  (1988,  Appendix  A)  modeling  of  suspended 
sediments  predicts  a turbidity  plume  higher  in  the  water  column 
compared  to  discharge  to  the  middle  basin  of  Boca  de  Quadra. 
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Effects  on  potential  harvests  of  demersal  fish  and  shellfish 
are  difficult  to  estimate  because  of  numerous  assumptions  when 
extrapolating  CPUE  estimates  in  each  fjord  to  biomass  estimates. 
Recognizing  the  numerous  sources  of  error,  EPA  (1988,  Table  4) 
has  estimated  a worst  case  scenario  for  loss  of  economically 
important  species  as  part  of  a comparative  ecological  risk 
assessment.  The  scenario  estimates  approximately  4-5  times  as 
much  fish,  crab,  and  shrimp  biomass  could  be  lost  from  discharge 
to  Smeaton  Bay  compared  to  discharge  to  the  middle  basin  of  Boca 
de  Quadra. 

Potential  harvests  of  demersal  fish  and  shellfish  will  likely 
be  reduced  with  a discharge  to  Wilson  Arm  because  tailings  are 
expected  to  accumulate  on  the  bottom  and  be  suspended  in  the 
water  column  above  the  100  m isobath.  Relatively  shallow  deposits 
of  tailings  can  alter  benthic  habitat  and  effect  the  food  sources 
for  commercial  species.  The  benthic  community  of  Smeaton  Bay 
appears  to  be  more  productive  per  unit  area  than  Boca  de  Quadra 
(Appendix  B) ; however,  Smeaton  Bay  is  substantially  smaller. 

The  final  outcome  of  discharge  to  Smeaton  Bay  would  be  the 
conversion  of  Smeaton  Bay  from  a basin-and-sill  fjord  system  to  a 
shallower,  virtually  basin-less  system  similar  to  that  resulting 
from  discharge  to  the  inner  basin  of  Boca  de  Quadra.  Potential 
harvests  after  completion  of  the  project  could  reflect  this 
conversion.  Species  that  prefer  shallower  habitat  (e.g. , English 
sole)  may  benefit  at  the  expense  of  deeper  species  (e.g.,  Tanner 
crab,  halibut) . Assuming  that  approximately  half  of  Smeaton  Bay 
is  now  deepwater  habitat,  tailings  discharge  would  convert 
approximately  830  hectares  (2,000  ac)  into  mid-depth  benthic 
assemblage  habitat. 

Effects  on  Harvest  Quality.  No  difference  is  expected 
between  Smeaton  Bay  discharge  and  either  Boca  de  Quadra 
discharge. 
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Section  7 


COASTAL  ZONE  MANAGEMENT  AND  SPECIAL 
AQUATIC  SITES 


Summary 

Mill  tailings  discharge  into  Smeaton  Bay  and  Boca  de  Quadra 
may  not  be  consistent  with  the  following  policies  of  the  Alaska 
Coastal  Management  Program: 

o Mining  and  mineral  processing  carried  out  within  the 
policies  established  by  the  program. 

o General  policy  of  maintenance  or  enhancement  of 
affected  coastal  habitats. 

o Maintenance  or  enhancement  of  offshore  fisheries. 

o Maintenance  and  nondestruction  of  productive  estuarine 
habitat. 

Of  the  three  marine  disposal  alternatives,  discharge  to  the 
middle  basin  of  Boca  de  Quadra  is  at  least  risk  of  violating  ACMP 
policies . 

Article  3 of  the  ACMP  provides  for  possible  approval  of  a 
nonconforming  use  if  there  is  a significant  public  need,  if  there 
are  no  feasible  and  prudent  alternatives  that  conform  to  ACMP 
policies,  and  if  all  feasible  and  prudent  steps  are  taken  to 
maximize  conformance.  If  the  project  can  be  shown  to  satisfy 
these  three  requirements,  then  the  project  may  be  deemed  in 
agreement  with  the  policies  of  the  ACMP. 


Coastal  Zone  Management 


Requirements  of  the  Coastal  Zone  Management  Act 

The  Coastal  Zone  Management  Act  requires  that  states  make 
consistency  determinations  for  any  federally  licensed  or 
permitted  activity  affecting  the  coastal  zone  of  a state  with  an 
approved  Coastal  Zone  Management  Program  (CZMP)  (16  USC  Sec. 
1456[c] [A]  Subpart  D) . Under  the  Act,  applicants  for  federal 
licenses  and  permits  must  submit  a certification  that  the 
proposed  activity  complies  with  the  state's  approved  CZMP.  The 
state  then  has  the  responsibility  to  either  concur  with  or  object 
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to  the  consistency  determination.  Under  Section  403c  guidelines, 
the  State  of  Alaska  shall  determine  whether  the  applicable 
requirements  of  an  approved  CZMP  have  been  met. 

Status  of  Coastal  Zone  Management  Planning 

The  Alaska  Coastal  Management  Program  (ACMP)  was  approved  by 
the  U.  S.  Department  of  Commerce  in  1979.  The  state  coastal 
management  policies  and  guidelines  included  in  the  ACMP  are 
intended  to  be  refined  by  local  districts  preparing  district 
Coastal  Management  Plans  (CMPs) . In  areas  where  a local  district 
plan  has  not  been  developed  and  approved  by  local,  state,  and 
federal  governments,  the  consistency  assessment  is  based  on  the 
policies  of  the  approved  ACMP.  The  Quartz  Hill  Mine  project  area 
is  not  within  the  boundaries  of  a local  district  CMP;  therefore, 
disposal  of  mill  tailings  must  be  evaluated  under  the  ACMP. 

Relevant  Policies  of  the  Alaska  Coastal  Management  Program 

Policies  of  the  ACMP  that  are  potentially  relevant  to  mill 
tailing  discharges  from  the  Quartz  Hill  project  are  set  forth  in 
the  ACMP  standards  (6  AAC  Chapter  80) . Land-based  uses  and 
activities  are  restricted  by  the  management  objectives  of  the 
Misty  Fjord  National  Monument  and  are  not  evaluated  as  part  of 
this  ODCE . 

Article  2 of  the  ACMP  sets  forth  standards  related  to  coastal 
development,  geophysical  hazard  areas,  recreation,  energy 
facilities,  transportation  and  utilities,  fish  and  seafood 
processing,  timber  harvest  and  processing,  mining  and  mineral 
processing,  and  subsistence.  Of  these  coastal  zone  uses  and 
activities,  recreation,  mining  and  mineral  processing,  and 
subsistence  potentially  occur  in  the  area  of  proposed  discharge. 

The  ACMP  policy  for  recreation  includes  designation  of  areas 
for  recreational  use.  Criteria  for  designation  include  an 
existing  significant  use  and/or  major  tourist  destination  and 
potential  for  a high  quality  recreational  use.  Priority  also  is 
given  to  maintaining  and  improving  public  access  to  coastal 
waters.  Alaska  has  not  designated  Boca  de  Quadra  or  Smeaton  Bay 
as  recreational  areas  (Mills  pers.  comm.). 

Mining  and  mineral  processing  policy  requires  that  such 
activities  be  consistent  with  other  policies  established  by  the 
ACMP. 

Policy  toward  subsistence  uses  includes  recognizing  and 
assuring  opportunities  for  subsistence  uses,  identifying  areas  of 
significant  subsistence  use,  and  establishing  priority  use  zones. 
Although  some  subsistence  use  occurs,  Boca  de  Quadra  and  Smeaton 
Bay  have  not  been  identified  as  significant  subsistence  use  areas 
(Mills  pers.  comm.). 
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Article  3 of  the  ACMP  sets  forth  standards  for  resources  and 
habitats  that  are  relevant  to  tailings  disposal  in  Boca  de 
Quadra.  Of  the  habitat  types  it  identifies,  offshore  areas, 
estuaries,  and  wetlands  and  tideflats  could  be  affected  by  this 
discharge.  The  fundamental  standard  for  management  of  these 
habitats  is  that  they  "must  be  managed  so  as  to  maintain  or 
enhance  the  biological,  physical,  and  chemical  characteristics  of 
the  habitat  which  contribute  to  its  capacity  to  support  living 
resources"  (6  AAC  80.130[b]). 

In  addition,  the  following  standards  apply  to  these  specific 
habitats : 

o "Offshore  areas  must  be  managed  as  a fisheries 

conservation  zone  so  as  to  maintain  or  enhance  the 
state's  sport,  commercial,  and  subsistence 
fishery"  (6  AAC  80 . 130 [c] [ 1] ) . 

o "Estuaries  must  be  managed  so  as  to  assure  adequate 

water  flow,  natural  circulation  patterns,  nutrients,  and 
oxygen  levels,  and  avoid  the  discharge  of  toxic  wastes, 
silt,  and  destruction  of  productive  habitat"  (6  AAC 
80 . 130 [c] [2] ) . 

o "Wetlands  and  tideflats  must  be  managed  so  as  to  assure 
adequate  water  flow,  nutrients,  and  oxygen  levels  and 
avoid  adverse  effects  on  natural  drainage  patterns,  the 
destruction  of  important  habitat,  and  the  discharge  of 
toxic  substances"  (6  AAC  80 . 130 [c] [ 3 ] ) . 

Consistency  of  Tailings  Disposal  with  Relevant  Alaska  Coastal 
Management  Program  Policies 

The  discharge  of  mill  tailings  into  Smeaton  Bay  or  the  inner 
or  middle  basin  of  Boca  de  Quadra  may  not  be  consistent  with  all 
relevant  policies  of  the  ACMP.  A discussion  of  each  policy  and 
its  assessment  is  presented  below. 

Recreation.  Discharge  to  either  fjord  appears  to  be 
consistent  with  ACMP  policy  on  recreation  because  the  policy  is 
applicable  to  areas  designated  as  areas  of  significant  use  and 
neither  fjord  has  been  designated  such  an  area.  Recreational  use 
of  Boca  de  Quadra  or  Smeaton  Bay  may  be  adversely  affected  by 
decreased  fishery  resources  but  enhanced  by  improved  access  to 
the  area. 

Mining  and  Mineral  Processing.  The  discharge  may  be 
inconsistent  with  ACMP  policy  on  mining  and  mineral  processing 
because  of  potential  conflicts  with  other  policies  established  by 
the  ACMP  relative  to  productivity  of  coastal  habitat,  offshore 
areas,  estuaries,  wetlands,  and  tideflats. 
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Subsistence . Because  Smeaton  Bay  and  Boca  de  Quadra  have  not 
been  designated  significant  subsistence  use  areas,  the  proposed 
discharge  may  be  consistent  with  this  policy.  The  low  level  of 
subsistence  harvesting  that  may  occur  in  the  two  fjords  may  be 
reduced  or  cease,  but  the  use  is  limited  in  scope. 

Coastal  Habitat.  The  proposed  discharge  appears  to  be 
inconsistent  with  ACMP  policy  on  coastal  habitat  in  general.  The 
proposed  discharge  will  not  maintain  or  enhance  the  biological, 
physical,  and  chemical  characteristics  of  Smeaton  Bay  or  the 
inner  and  middle  basin  habitats  of  Boca  de  Quadra.  These 
habitats  will  have  a reduced  capacity  to  support  living  resources 
for  at  least  the  life  of  the  project.  Following  completion  of 
the  mining  operations,  stabilization  of  the  tailings  deposits, 
and  deposition  of  natural  sediments  on  the  surface,  it  is 
possible  that  benthic  productivity  would  be  enhanced  over  the 
long  term  because  shoaling  tends  to  result  in  higher  benthic 
productivity.  However,  this  potential  enhancement  is 
unpredictable  in  nature  and  magnitude  and  will  not  be  realized 
until  several  decades  after  the  project  has  begun. 

Offshore  Areas.  The  proposed  discharge  will  occur  in  fjords 
known  to  be  occupied  by  overwintering  herring.  Discharge  to 
Smeaton  Bay  and  the  inner  basin  of  Boca  de  Quadra  will  place 
deposited  tailings  and  elevated  suspended  solids  concentration 
within  the  known  depth  range  of  overwintering  herring.  These 
herring  stocks  support  a major  commercial  fishery  at  the  mouth  of 
Boca  de  Quadra  (Section  6) . It  is  not  known  whether 
overwintering  herring  will  be  displaced  and,  if  so,  whether  this 
will  affect  the  spawning  stock  in  the  project  area.  Thus,  the 
proposed  discharge  may  not  maintain  or  enhance  the  state's  sport, 
commercial,  and  subsistence  fishery  for  at  least  the  life  of  the 
project.  Discharge  to  the  middle  basin  of  Boca  de  Quadra  will 
have  the  least  impact  on  overwintering  herring  habitat;  thus, 
discharge  to  the  middle  basin  may  be  the  most  consistent  with 
ACMP  policy  relevant  to  offshore  areas. 

Estuaries.  Discharge  to  Smeaton  Bay  or  the  inner  basin  of 
Boca  de  Quadra  may  be  inconsistent  with  ACMP  policy  relevant  to 
estuaries.  For  the  purpose  of  this  ODCE,  estuarine  habitat  is 
defined  to  include  the  shallow  water  habitat  shoreward  of  the  toe 
of  the  alluvial  deposit  formed  at  the  head  of  Boca  de  Quadra  and 
Wilson  Arm  by  the  Keta  and  Wilson  Rivers,  respectively.  The 
proposed  discharge  will  alter  the  balance  of  forces  which  drive 
circulation  patterns  in  Smeaton  Bay  and  in  the  upper  reaches  of 
Boca  de  Quadra.  It  is  not  clear  what  effect  this  may  have  on  the 
Wilson  River/Blossom  River  estuary  and  the  Keta  River  estuary. 

The  proposed  discharge  to  the  middle  basin  of  Boca  de  Quadra  is 
not  likely  to  significantly  alter  circulation  patterns  of  Boca  de 
Quadra  because  the  discharge  of  mill  tailings  is  not  expected  to 
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significantly  alter  the  basin-and-sill  configuration  of  the 
fjord.  Thus,  discharge  to  the  middle  basin  of  Boca  de  Quadra  may 
be  consistent  with  ACMP  policy  relevant  to  estuaries. 

The  discharge  of  mill  tailings  can  be  considered  a discharge 
of  silt  material.  Discharge  of  mill  tailings  to  the  inner  basin 
of  Boca  de  Quadra  could  result  in  siltation  and  turbidity  impacts 
in  the  Keta  River  estuary  if  turbidity  plumes  reach  the 
epipelagic  zone  during  weak  water  column  stratification  or  if 
resuspension  becomes  a problem  when  the  inner  basin  is  filled. 
Similar  concerns  for  the  Wilson  River  estuary  exist  for  discharge 
via  outfall  in  Wilson  Arm.  The  discharge  of  silt  to  estuaries  is 
not  consistent  with  ACMP  policy  if  acceptable  alternatives  are 
available.  The  discharge  of  mill  tailings  to  the  middle  basin  of 
Boca  de  Quadra  is  not  likely  to  result  in  upper  water  column 
turbidity  that  could  affect  the  Keta  River  estuary. 

Wetland  and  Tideflats.  The  proposed  discharge  is  consistent 
with  ACMP  policy  on  wetland  and  tideflat  habitat.  Impacts  from 
the  proposed  discharge  are  predicted  to  be  contained  below  the 
pycnocline.  Suspended  solids  concentrations  in  the  upper  water 
column  should  be  too  low  to  result  in  measurable  deposition  of 
fines  in  wetland  or  tideflat  areas. 

Criteria  for  Approving  Nonconforming  Use 

Article  3 of  the  ACMP  provides  for  the  consideration  and 
possible  approval  of  a nonconforming  use  or  activity  if  the 
following  three  requirements  are  met: 

o there  is  a significant  public  need  for  the  proposed  use 
or  activity; 

o there  is  no  feasible,  prudent  alternative  to  meet  the 
public  need  for  the  proposed  use  or  activity  which 
would  conform  to  the  ACMP  policies;  and 

o all  feasible  and  prudent  steps  to  maximize  conformance 
with  the  ACMP  policies  will  be  taken. 

The  DEIS  (Envirosphere  1984)  does  not  describe  the  need  for  the 
mine  project.  U.S.  Borax  has  submitted  a brief  Statement  of  Need 
as  an  attachment  to  its  permit  application  package  submitted  to 
EPA  on  25  April  1984. 

If  the  state  determines  that  public  need  is  identified,  then 
other  disposal  options  must  be  evaluated  for  feasibility  and 
prudence.  Land  disposal  options  have  been  addressed  in  the  DEIS. 
Land  disposal  alternatives  are  feasible  but  may  be  judged 
imprudent  when  other  environmental  costs  and  economic  factors  are 
considered. 
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Article  3 also  requires  that  other  state  requirements  for  the 
protection  of  air,  land,  and  water  quality  be  met.  Compliance 
with  state  water  quality  standards  is  appropriate  and  addressed 
in  Section  8. 


Special  Aquatic  Sites 

No  designated  marine  sanctuaries  or  other  aquatic  sites 
within  the  meaning  of  40  CFR  125.122(a)(5)  are  located  within 
Smeaton  Bay  or  Boca  de  Quadra.  The  boundaries  of  the  Misty  Fjord 
National  Monument  extend  only  to  the  high  tide  elevation  (Barber 
pers.  comm.)  and  thus  do  not  include  the  marine  environment  below 
this  tidal  elevation. 
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Section  o 

MARINE  WATER  QUALITY  CRITERIA 


Summary 


The  discharge  of  mill  tailings  is  unusual  because  minimum 
dilution  and  dispersion  is  probably  desired  in  order  to  rapidly 
transport  tailings  to  below-sill  deptn.  Established  methods  of 
designating  a mixing  zone,  wnicn  generally  provides  for  maximum 
dilution,  may  not  apply. 

Stochastic  modeling  indicates  that  suspended  solids  would 
exceed  water  quality  standards  over  a large  part  of  either 
fjord.  Suspended  solids  would  reach  higher  in  the  water  column 
during  discharges  to  the  middle  basin  of  Boca  de  Quadra  (up  to 
the  20  m isobath)  than  during  discharges  to  Wilson  Arm  (up  to 
60  m) . Discharges  to  Wilson  Arm  will  cause  suspended  solids  to 
enter  Behm  Canal.  Tailings  should  be  confined  to  Boca  de 
Quadra  during  discharge  to  the  middle  basin,  although  an 
increase  in  suspended  solids  could  impact  adjacent  areas  of  the 
inner  and  outer  basins  of  Boca  de  wuadra.  Discharge  to  the 
inner  basin  would  likely  cause  increased  suspended  solids  in 
the  upper  water  column  ( 100  m)  of  ootn  the  middle  and  inner 
basins . 

Water  quality  degradation  (exceedance  of  the  water  quality 
criterion  for  copper  measured  as  extractable  portion  of  the 
suspended  solids)  is  predicted  to  occur  throughout  the  water 
column  as  a result  of  tailings  discharge  in  either  of  the  two 
fjords  proposed  as  alternative  disposal  sites. 

Leaching  of  dissolved  metals  is  not  expected  to  increase 
significantly  in  neutral  or  basic  pH  environments.  Leaching  of 
dissolved  metals  may  occur  in  acidic  environments  such  as 
anaerobic  sediments,  most  fish  stomachs,  and  some  invertebrate 
stomachs . 

Dissolved  oxygen  depletion  is  not  expected  to  occur  with 
tailings  discharge.  Entrainment  of  near-surface  water  in  the 
discharge  will  provide  sufficient  oxygen  to  meet  maximum  BOD5 
loading . 

Discharge  of  treated  wastewater  from  the  marine  terminal 
to  Wilson  Arm  is  not  expected  to  violate  water  quality 
standards  beyond  a 100  m mixing  zone  for  most  constituents.  It 
is  not  known  wnether  concentrations  of  chlorine  or  dissolved 
hydrocarbons  will  meet  state  standards  because  concentrations 
in  the  effluent  are  not  known. 
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Int roauct ion 


State  of  Alaska  water  quality  standards  have  been 
established  to  protect  beneficial  uses  of  marine  waters.  The 
standards  specify  concentrations  of  various  water  quality 
parameters  that  cannot  be  exceeded.  To  comply  with  Alaska 
water  quality  standards,  the  discharge  must  comply  with  EPA 
water  qualtiy  criteria  or  Alaska  drinking  water  standards, 
whicnever  are  lower,  at  the  edge  of  a designated  mixing  zone. 
Tne  applicable  Alaska  water  quality  standards  for  discharge  of 
mill  tailings  and  wastewater  to  Boca  de  Quadra  or  Smeaton  Bay 
are  listed  in  Table  8-1. 


Mixing  Zone 

The  concept  of  a mixing  zone  for  a marine  discharge  is 
based  on  the  premise  that  most  discharges  are  buoyant  and  are 
subsequently  diluted  and  dispersed  with  distance  from  the 
source.  Usually  the  major  objective  is  to  dilute  and  disperse 
the  effluent  as  quickly  as  possible  so  as  to  minimize  the 
adverse  effect  on  water  quality.  In  determining  the  size  of 
mixing  zones,  the  state  of  Alaska  (18  AAC  70)  will  consider  the 
following : 

o the  physical,  biological,  and  chemical 
characteristics  of  the  receiving  water; 

o the  effects  of  the  discharge  on  present  and 

anticipated  protected  water  uses  and  quality  of  the 
receiving  water; 

o the  mixing  characteristics  of  the  receiving  water; 
and 

o the  characteristics  of  the  effluent,  including  flow 
rate  and  composition. 

Minimization  of  the  impact  caused  by  the  Quartz  Hill 
tailings  discharge  does  not  readily  fit  the  mixing  zone  concept 
of  rapid  dispersion  and  dilution.  Rapid  dilution  of  dissolved 
metals  and  dissolved  ore  processing  reagents  in  the  effluent  is 
desirable,  but  confinement  of  the  tailings  to  a local  area  is 
considered  the  best  strategy  for  solids  deposition  and  probably 
suspended  solids.  Minimum  impact  from  suspended  solids  and 
subsequent  deposition  on  the  seafloor  could  be  achieved  if  the 
effluent  density  is  regulated  so  as  to  create  a relatively 
cohesive  density  current  flowing  to  the  bottom  of  the  fjord  out 
of  the  zone  of  greatest  biological  value  (i.e.,  the  upper  100  m 
of  benthic  and  pelagic  habitat)  (Section  4).  Thus,  a tradeoff 
exists  between  dilution  of  potential  effluent  toxicants  and 
confinement  of  suspended  and  deposited  solids. 


144 


Table  8-1.  Alaska  Water  Quality  Standards  (18  AAC  70)  at  the  Edge  of  Designated  Mixing 
Zones. 


PARAMETER 

STANDARDS  FOR  CLASS  2 WATER  (MARINE)3 

Dissolved  oxygen 

>6.0  mg/1  for  upper  1 m,  but  >5.0  mg/1  at  other  depths; 
4.17.0  mg/1  except  for  natural  causes. 

pH 

40. 1 deviation  from  natural  but  not  <6.5  or  >8.5  from 
man-caused  sources. 

Turbidity 

425  NTU;  4IO  percent  reduction  in  Secchi  depth  or 
compensation  point. 

Temperature 

4l°C  weekly  average  temperature  increase,  change  40.5°C 
per  hour  from  natural. 

Dissolved  Inorganic 
substances  (salinity) 

±10  percent  change  of  natural  isohaline  pattern. 

Suspended  solids 

No  measurable  increase  above  natural  conditions. 

Sediment 

No  measurable  increase  above  natural  conditions. 

Residues 

No  deposition  of  a sludge,  solid,  or  emulsion  on  the 
bottom,  beneath  or  upon  the  surface  of  the  water,  in  the 
water  column,  or  upon  the  adjoining  shoreline.  No  film, 
sheen,  or  discoloration  on  the  surface  of  the  water  or 
shoreline. 

Toxic  & other  deleterious 
organic  & Inorganic 
substances 

40.01  times  lowest  96-hr  LC50.  Quality  Criteria  for 
Water  (U.  S.  EPA),  or  Alaska  Drinking  Water  Standards 
(18  AAC  80),  whichever  is  lowest. 

Color 

15  color  units  or  <10  percent  reduction  in  compensation 
point. 

Petroleum  hydrocarbons, 
oil  and  grease 

4IO  ug/1  total  aromatic  hydrocarbons.  415  ug/1 
total  hydrocarbons,  or  4O.OI  times  96-hr  LC50  (see  code  for 
details);  no  visible  sheen  for  oil  and  grease;  shall  not 
taint  organisms. 

Radioactivity 

Shall  not  exceed  the  concentrations  specified  in  the  Alaska 
Drinking  Water  Standards  or  limits  established  in  Code  of 
Federal  Regulations. 

Fecal  Conform  Bacteria  MPN  <14  FC/100  ml,  <10  percent  of  samples  >43  FC/100  ml. 

a Alaska  varies  standards  by  designated  uses  of  the  water  body.  Since  Boca  de 

Quadra  and  Smeaton  Bay  are  specified  as  suitable  for  all  uses,  the  most 
restrictive  value  for  each  parameter  was  used. 
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The  mixing  zone  is  defined  as  the  volume  of  water 
contiguous  to  some  discharge  for  which  the  receiving  waters  may 
not  meet  all  the  criteria  for  water  quality.  In  the  case  of 
the  discharge  of  tailings  from  the  Quartz  Hill  project, 
suspended  solids  and  toxicity  due  to  heavy  metals  are  two 
criteria  which  should  be  considered.  A three-dimensional, 
steady-state  model  describing  the  processes  of  advection, 
diffusion  and  settling  of  solids  was  used  by  EPA  to  estimate 
the  approximate  dimensions  of  the  mixing  zone  in  the  fjord 
chosen  for  tailings  disposal.  The  model  incorporated 
environmental  variability  into  the  estimate.  The  dimensions  of 
the  mixing  zone  were  then  characterized  in  terms  of  the 
probability  that  a given  level  would  be  exceeded. 

For  suspended  solids,  the  volume  was  estimated  by  finding 
the  region  within  which  the  estimated  levels  had  a 5 percent 
probability  of  being  greater  than  5.0  mg/1.  In  Boca  de  Quadra, 
the  boundaries  estimated  in  this  way  included  the  entire  width 
of  the  fjord  from  the  distal  end  to  at  least  two  kilometers 
seaward  of  the  Kite  Island  sill  and  to  within  20  meters  of  the 
fjord  surface  at  project  year  55.  For  Smeaton  Bay/Wilson  Arm, 
the  estimated  boundaries  comprise  the  width  of  the  fjord  from 
the  distal  end  of  Wilson  Arm  to  at  least  four  kilometers  into 
Behm  Canal  and  within  60  meters  of  the  surface  at  project  year 
55. 


For  toxicity  due  to  heavy  metals,  the  criterion  was  based 
upon  the  concentrations  of  total  recoverable  copper  estimated 
from  the  suspended  solids  levels.  The  mixing  zone  dimensions 
were  estimated  by  determining  which  volumes  had  an  estimated 
concentration  of  total  recoverable  copper  of  2.9  ug/l  more  than 
5 percent  of  the  time.  The  dimensions  of  the  mixing  zone  in 
project  year  55  for  Boca  de  Quadra,  determined  in  this  way, 
include  the  entire  width  of  the  fjord  in  the  inner  basin  for 
depths  greater  than  120  meters  and  in  the  middle  basin  for 
depths  greater  than  160  meters.  In  addition,  there  is  a two 
kilometer  long  region  over  the  sill  between  middle  and  inner 
basins  for  which  the  mixing  zone  for  copper  toxicity  extends  to 
within  100  meters  of  the  surface.  The  mixing  zone  in  project 
year  55  in  Smeaton  Bay/Wilson  Arm  comprises  approximately  55 
percent  of  the  width  of  the  fjord  in  the  first  kilometer  and  10 
percent  of  the  width  in  the  second  kilometer  between  60  and  80 
meters  depth  . Between  80  and  100  meters,  the  estimated 
boundaries  include  the  entire  width  up  to  five  kilometers  from 
the  distal  end  of  the  fjord  and  10  to  35  percent  of  the  width 
for  the  next  five  kilometers.  From  a depth  of  100  meters  to 
the  bottom,  the  mixing  zone  includes  the  entire  fjord.  In 
addition,  a lens  of  tailings  located  below  100  meters  of  water 
depth  will  extend  into  Behm  Canal.  This  lens  will  be  30  meters 
deep  for  the  first  kilometer  and  reduce  to  10  meters  deep  for 
an  additional  2 kilometers. 
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Tne  difference  in  the  nature  of  the  mixing  zone  volumes 
for  suspended  sediments  and  copper  toxicity  between  Smeaton 
Bay/Wilson  Arm  and  Boca  de  Quadra  is  due  primarily  to  the 
difference  in  the  depth  of  effective  discharge  and  to  the 
oceanographic  processes  in  each  of  the  fjords.  In  Boca  de 
Quadra  the  effective  depth  of  discharge  is  greater#  but  the 
stability  of  the  water  column  is  less  than  in  Smeaton 
3ay/Wilson  Arm.  The  net  result  is  that  the  suspended  solids  are 
diffused  higher  into  the  water  column  in  Boca  de  Quadra  than  in 
Smeaton  Bay/Wilson  Arm  even  though  tne  effective  discharge 
point  in  Smeaton  Bay  is  shallower  than  that  in  Boca  de  Quadra. 
In  Smeaton  Bay/Wilson  Arm  there  is  less  vertical  diffusion, 
which  confines  the  tailings  plume  to  depths  below  60  meters, 
but  also  results  in  higher  concentrations.  The  overall  effect 
is  for  a wide  distribution  of  suspended  solids  within  Boca  de 
Quadra  for  which  the  estimated  copper  toxicity  is  low  at  depths 
less  than  100  meters.  In  Smeaton  Bay/Wilson  Arm  the  plume  is 
confined  to  a relatively  long,  thin  layer  for  which  the 
concentrations  of  suspended  solids  and  estimated  total 
recoverable  copper  is  high.  Since  the  effective  discharge 
point  for  Smeaton  Bay  is  within  75  meters  of  the  surface  in 
project  year  55,  this  results  in  a greater  level  of  estimated 
copper  toxicity  in  Smeaton  Bay/Wilson  Arm  above  100  meters 
depth  than  in  Boca  de  Quadra. 


Suspended  Solids  and  Sedimentation 


Discharges  of  mill  tailings  at  any  of  the  proposed 
locations  would  exceed  the  state  criterion  of  no  measurable 
increase  (Table  8-1)  of  suspended  solids  in  large  portions  of 
either  fjord.  EPA's  modeling  indicates  suspended  solids 
concentration  over  the  sills  would  reach  4-14  mg/l  (inner  basin 
sill),  20-42  mg/l  (Kite  Island  sill),  or  32-54  mg/l  (Smeaton 
Bay  sill)  for  either  middle  basin  or  Smeaton  Bay  discharges, 
respectively  (EPA  1988,  Appendix  A,  Figures  10  and  11). 
Increased  suspended  solids  would  likely  penetrate  higher  in  the 
water  column  during  discharges  to  the  middle  basin  (up  to  20  m 
depth)  than  during  discharges  to  Smeaton  Bay  (up  to  60  m) . 
Discharges  to  the  inner  basin  would  probably  also  reach 
relatively  high  in  the  water  column  because  the  top  of  the 
tailings  pile  in  the  inner  basin  would  be  at  depths  comparable 
to  the  pile  in  Wilson  Arm.  Impacts  related  to  suspended  solids 
are  discussed  in  Section  5. 

Sedimentation  of  habitats  deeper  than  50  m would  likely 
occur  throughout  Smeaton  Bay,  whereas  sedimentation  in  the 
middle  basin  of  Boca  de  Quadra  would  likely  occur  at  depths 
greater  than  20  m.  Although  some  sedimentation  could  occur  in 
the  deeper  areas  of  the  inner  basin  as  a result  of  middle  basin 
discharge,  most  sedimentation  should  be  confined  to  the  middle 
basin.  Discharge  to  the  inner  basin  would  cause  extensive 
sediment  deposition  in  both  the  inner  and  middle  basins. 
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Metals  Concentration 


Total  Recoverable  Metals 


The  metal  content  of  the  ore  body  and  tailings  is  given  in 
Table  8-2.  Two  chemical  fractions  which  remain  after  the  ore 
is  processed  to  form  tailings  were  selected  for  this 
evaluation:  1)  tne  dissolved  fraction/  and  2)  the  particulate 

extractable  fraction.  The  dissolved  metal  fraction  results 
from  leaching  during  the  mixing  of  ore  particles  with  process 
water  and  seawater.  The  particulate  metal  fraction  is  that 
portion  of  the  metal  which  is  oound  to  the  particulate  matter. 
Both  fractions  are  important  in  assessing  the  risks  from  metal 
toxicity.  Total  recoverable  metals  according  to  EPA  protocol 
includes  both  the  dissolved  and  the  extractable  fraction  of  the 
metals . 

Of  the  metals  identified  in  the  ore  and  tailings,  silver, 
copper,  and  mercury  are  the  most  toxic  metals.  Based  on  the 
measurements  of  the  tailings  material,  silver,  copper,  and  lead 
were  found  in  the  highest  concentrations.  Since  copper  was 
considered  one  of  the  most  toxic  as  well  as  being  found  in  the 
highest  concentration,  it  was  selected  as  representative  of  all 
metals . 

The  quantitative  estimate  of  the  mixing  zone  discussed 
above  is  based  on  the  distribution  of  suspended  solids  and  the 
copper  portions  (dissolved  and  extractable). 

In  order  to  characterize  the  distribution  of  copper  in  the 
water  column,  the  concentration  of  each  component  of  the 
tailings  must  be  determined  by  chemical  analytical  measurement 
or  theoretical  predictions.  During  the  milling  process  ore  is 
ground  and  mixed  with  water  and  reagents.  The  tailings  which 
are  finally  released  into  the  water  column  are  made  up  of 
ground  ore  (metallic  elements),  dissolved  elements  (reagents 
and  metals),  and  seawater. 

The  various  forms  of  copper  which  are  important  to 
consider  in  evaluating  water  column  impacts  are  provided  in 
Table  8-2.  The  dissolved  copper  concentration  was  measured  in 
several  laboratory  tests,  and  reported  in  the  RDEIS . The  solid 
phase  (ore  and  tailings)  copper  characterization  was  presented 
in  Appendix  A of  the  RDEIS.  For  purposes  of  evaluating  the 
potential  release  of  copper  toxicity,  the  total  recoverable 
fraction  must  also  be  analyzed.  The  total  recoverable  fraction 
accounts  for  both  the  dissolved  and  acid  extractable  portions 
of  copper.  U.S.  Borax  did  not  measure  the  total  recoverable 
metal  fraction  according  to  EPA  protocols.  However,  an 
alternate  method  specified  as  an  "extractable"  tailings 
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characterization  was  presented  in  the  RDEIS  Appendix  F,  Table 
F-b.  The  "extractable"  portion  of  tailings  may  be  converted  to 
a water  column  concentration  by  the  following  equation: 


( 1)  Tailings 

Metal  Extractable 
Portion 
( mg/ mg ) 


Water  Column 
x Suspended  Solid 
Concentration 
(mg/1) 


Water  Column 
Metal  Extractable 
Concentration 
(mg/l) 


According  to  the  description  of  extractable  metal 
presented  in  Appendix  E,  RDEIS,  100  percent  of  the  copper 
content  (90  ug/g)  of  the  ore  and  44  percent  (40  ug/g)  of  the 
copper  content  of  the  ore  were  selected  as  representative  of 
the  range  of  maximum  copper  concentrations  which  may  be 
experienced  during  the  life  of  the  mine.  While  these  copper 
concentrations  may  not  be  accurate,  they  represent  in  the  first 
case  the  actual  measured  maximum  copper  content  of  the  ore 
(total  copper)  and  in  the  second  case  an  estimate  of  the 
average  extractable  portion  of  total  ore  for  all  metal 
fractions  (reported  in  RDEIS,  Appendix  F,  from  Burrell  1983). 
These  estimates  of  copper  content  were  used  only  for  comparison 
with  the  water  quality  criterion  and  are  not  necessarily  the 
true  concentration  of  extractable  copper  which  may  only  be 
obtained  by  chemical  analysis  of  tailings  (solid  and  water) 
using  the  EPA  prescribed  total  recoverable  method. 


Copper  water  quality  criterion  will  be  exceeded  in  both 
fjords  in  the  deeper  water  (greater  than  100  meters),  during 
all  years  of  the  proposed  project  (EPA  1988,  Tables  7a,  7b,  7c, 
and  7d).  The  likelihood  of  exceedance  of  the  criterion 
increases  with  increasing  extractable  copper  (from  44  percent 
to  100  percent)  and  as  the  project  proceeds  to  year  55.  The 
probability  of  exceeding  the  criterion  increases  in  the  upper 
water  column  Smeaton  Bay/Wilson  Arm  as  the  project  proceeds  to 
year  55.  This  is  not  true  for  Boca  de  Quadra.  The  prediction 
of  lower  concentration  of  suspended  solids  in  the  upper  water 
column  in  middle  basin  results  in  a decrease  in  the  concomitant 
copper  concentration. 

The  estimates  of  extractable  copper  used  to  compute  the 
probability  of  violating  the  water  quality  criterion  are  based 
on  worst  case  assumptions  of  copper  leaching  (ranging  from  100 
percent  to  44  percent  of  the  ore).  All  estimates  of 
extractable  copper  presented  in  the  RDEIS  (Appendix  E,  Appendix 
F)  were  compared  to  the  worst  case  estimate  (EPA  1988,  Table  8). 

For  Smeaton  Bay /Wilson  Arm,  the  extractable  concentration 
will  exceed  the  water  quality  criterion  (2.9  ug/l)  for  all 
cases  except  the  lowest  measurement  of  extractable  copper  (EPA 
1988,  Table  8).  In  Boca  de  Quadra,  the  criterion  will  only  be 
exceeded  for  the  maximum  predictions  of  extractable  copper 
(100  percent  of  ore;  100  percent  of  tailings). 
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Metal  Leaching  from  Sediments 


Laboratory  experiments  on  bioaccumulation  of  metals  in 
seawater  have  indicated  some  leaching  of  molybdenum  and 
manganese  from  the  tailings  (E.V.S.  Consultants  1984b,  p.  30). 
Other  metals  did  not  leach  into  the  water  column  during  the 
laboratory  test.  Under  slightly  acidic  conditions,  such  as  in 
fish  stomachs,  Goyette  and  Christie  (1982,  p.  35)  observed 
leaching  of  copper  and  lead  from  Kitsault  Mine  tailings. 
Leaching,  however,  does  not  appear  to  be  a major  contributor  of 
dissolved  metals  to  the  receiving  water.  Studies  (Pedersen, 
unpublished  report)  on  the  distribution  of  iron,  manganese, 
molybdenum,  and  copper  in  interstitial  waters  collected  from 
mine  tailings  and  natural  sediments  in  Rupert  and  Holberg 
Inlets,  British  Columbia  (Island  Copper  Mine),  show  that  the 
leaching  (flux)  of  metals  from  deposited  tailings  is  likely  a 
minor  contributor  to  the  total  dissolved  metals  in  the 
receiving  waters.  Heavy  metal  enrichment  of  the  water  column 
is  more  likely  the  result  of  the  tailings  being  discharged, 
undergoing  mass  movement  (e.g.,  slumping),  or  being  resuspended. 

Thus,  elevated  levels  of  manganese  and  molybdenum  may 
occur  in  the  water  column  as  a result  of  leaching.  Burrell 
(1983,  Figures  7. II. 7,  7. III. 12,  and  7. IV. 11)  noted  sediment 
concentrations  of  manganese  on  the  order  of  100-160,  15-3,385, 
and  40-95  ug/g  in  the  inner  basin  of  Boca  de  Quadra,  middle 
basin  of  Boca  de  Quadra,  and  Smeaton  Bay,  respectively. 

Tailings  solids  are  expected  to  have  462  mg/kg  (ug/g)  manganese 
(Table  2-3).  Thus,  manganese  levels  in  tailings  are  within  the 
range  of  natural  sediments  in  the  middle  basin,  but  higher  than 
Smeaton  Bay  or  the  inner  basin  of  Boca  de  Quadra.  Molybdenum 
is  likely  to  occur  in  the  biologically  inactive  sulfide  form 
(Burrell  1983,  p.  28),  thus,  leaching  of  molybdenum  is  not 
likely  to  affect  biota. 

Redox  processes  in  benthic  sediments  may  affect  the 
release  of  dissolved  metals  into  the  water  column.  Metal  ions 
from  the  overlying  water  or  upward  migrating  pore  solutions  in 
the  sediments  may  be  sorbed  or  coprecipitated  onto  manganese- 
and  iron-oxide  layers  near  the  sediment  surface  (Forstner  and 
tfittman  1979,  pp.  252-255).  Release  of  these  dissolved  metals 
into  interstitial  water  would  occur  during  the  reduction  of  the 
oxide  compounds  caused  primarily  by  low  oxygen  concentration 
and  to  a lesser  extent  by  low  pH.  Sulfide  produced  by 
bacterial  activity  would  reduce  the  mobility  of  dissolved 
metals,  although  this  mechanism  is  debatable  (Forstner  and 
Wittman  1979,  p.  252).  Factors  including  turbulent  exchange, 
release  of  gases  from  microbial  activity,  movement  of  benthic 
organisms,  and  molecular  diffusion  may  then  introduce  the 
dissolved  metals  back  into  the  overlying  water  column.  The 
extent  to  which  the  redox  processes  would  occur  in  either  fjord 
is  unknown,  although  the  greatest  release  of  dissolved  metals 
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would  likely  occur  after  the  project  ends.  After  the  project, 
oxygen  transport  from  the  surface  to  deep  waters  via  tailings 
discharge  would  cease,  causing  a decrease  in  redox  potential 
and  possibly  the  liberation  of  some  dissolved  metals  from  the 
sediments . 


Dissolved  Oxygen 

Concentrations  of  milling  chemicals  in  the  effluent,  which 
may  result  in  BOD  or  COD,  are  not  well  characterized  and  may  be 
more  variable  in  concentration  than  dissolved  metals.  Chemical 
analysis  of  pilot  plant  effluent  by  gas  chromatography/mass 
spectroscopy  has  not  snown  significant  concentrations  of 
organic  compounds;  L.V.S.  Consultants  (1984a)  found  one 
long-chain  alcohol  compound  at  concentrations  between  50-100 
ul/1.  Additional  analyses  performed  by  Lauck's  Testing 
Laboratories  for  U.S.  Borax  found  concentrations  of  the  milling 
reagent  MIBC  (methyl  isobutyl  carbonol)  at  16.8  mg/l  (Cronin 
pers.  comm.).  The  only  other  organic  compound  noted  was  an 
oxidation  product  of  MIBC.  One  reason  for  these  findings  is 
that  breakdown  products  have  never  been  identified  for  these 
reagents.  Also,  standards  of  the  reagents  were  not  assessed 
for  comparison  with  the  effluent  results.  In  short,  neither 
the  identification  of  the  reagents  nor  the  applicability  of  the 
method  to  analyze  for  the  reagents  have  been  demonstrated. 
Detailed  descriptions  of  sample  handling,  sample  preparation 
and  work-up,  analytical  methods,  and  quality  assurance/quality 
control  are  not  available.  In  summary,  actual  amounts  of 
organics  discharged  are  not  known. 

Oxygen  depression  can  be  calculated  for  the  effluent  based 
on  a maximum  BOD5  of  30  mg/l  (Table  2-1)  for  the  predilution 
effluent  volume  of  30.7  mgd  (1.2  x 10®  liters/d)  (Section 
2).  After  dilution  in  the  mixing  chamber,  the  total  discharge 
would  increase  to  92.1  mgd  (3.49  x 10®  liters/d)  and  the  BOD 
value  would  be  reduced  from  30  mg/l  to  10  mg/l,  assuming  no  BOD 
caused  by  the  additions  of  seawater.  The  effluent  is  expected 
to  be  diluted  further  by  a ratio  of  10:1  at  100  m from  the 
discharge  source  (Section  3),  resulting  in  a BOD  of  0.91  mg/l 
transported  to  below-sill  depths.  With  a total  below-sill 
transport  of  3.83  x 109  liters/day  (effluent  and  entrained 
seawater),  this  represents  a BOD  loading  of  3.49  x 10®  g 
02/d  to  below-sill  depths.  However,  the  effluent  would 
entrain  oxygen  from  the  surface  layer  (I  5.0  mg/l)  and  would 
transport  approximately  1.86  x 107g  02/d  to  the  below-sill 
region.  Thus,  approximately  19  percent  of  the  total  oxygen  in 
the  entrained  dilution  water  would  be  consumed  by  BOD5, 
resulting  in  a net  input  concentration  of  4.1  mg  O2/I.  Thus, 
an  oxygen  gain  rather  than  decrease  would  result  from  the 
effluent  discharge,  assuming  an  oxygen  concentration  as  low  as 
3 mg/l  in  the  below-sill  region  of  either  fjord  (Table  3-1). 
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A potential  flaw  in  tnis  analysis  is  tnat  the  reported 
maximum  BOD5  (U.S.  Borax  1985)  is  based  on  tests  of  a 
decanted  tailings  slurry  (Cronin,  pers.  comm.).  Rescan 
Environmental  Services  (1984,  p.  44)  estimates  that  half  of  the 
discharged  milling  reagents  will  be  adsorbed  to  the  solids.  In 
Table  2-5,  the  major  organic  reagent  suspected  for  loading  is 
M-502,  a flocculant.  Carlson  (pers.  comm.)  assumes  that  at 
least  80  percent  of  this  reagent  will  be  adsorbed  to  the 
solids.  Thus,  it  is  possible  that  the  reported  BOD5  of  30 
mg/1  does  not  include  most  of  the  organic  milling  reagent 
because  they  were  adsorbed  to  solids  which  were  not  decanted 
and  tested.  On  the  other  hand,  M-502  is  reported  to  be 
biostatic,  i.e.,  have  little  BOD5  (Hart  pers.  comm.); 
tnerefore  the  reported  BOD5  may  be  an  acceptable  worst-case 
estimate.  SF330,  an  alternative  quaternary  ammonium  compound 
(Table  2-4),  has  a BOD5  of  100  mg/g . Assuming  that  M-502  had 
a comparable  BOD5,  a reagent  loading  of  7,200  kg/d  (Table 
2-5)  would  result  in  an  effluent  BOD5  contribution  of  7.2  x 
10S  g/d,  or  6.2  mg/l.  This  further  indicates  that  30  mg/l  is 
a conservative  BOD5  estimate  for  the  tailings  effluent  prior 
to  predilution  and  that  dissolved  oxygen  depression  is  of 
little  concern  for  discharge  to  either  fjord. 


Marine  Terminal  Wastewater  Outfall  Effluent 


Major  constituents  of  the  wastewater  discharge  in  Smeaton 
Bay  at  their  maximum  reported  concentrations  include  suspended 
solids  (45  mg/l),  ammonia  (15  mg/l),  BOD5  (45  mg/l),  chlorine 
water  soluble  petroleum  hydrocarbons,  and  oil  and  grease  (15 
mg/lj.  Of  the  constituents  with  estimated  maximum  loading 
values  (U.S.  Borax  1985),  suspended  solids  will  require  the 
greatest  dilution  (45:1)  to  meet  the  state  water  quality 
standards.  No  saltwater  criteria  for  ammonia  have  been 
established  by  EPA,  althougn  4-day  average  criteria  of  0.82-2.4 
mg/l  have  been  established  for  salmonids  in  5°C  freshwater  at 
pH  7. 5-8. 5.  To  achieve  a total  ammonia  concentration  of 
0.82  mg/l,  a dilution  of  18:1  would  be  necessary. 

A dilution  of  45:1  should  be  easily  achieved  in  Wilson 
Arm.  Assuming  an  outfall  depth  of  6 m (20  ft)  and  a freshwater 
plume  occupying  10  percent  of  the  mixing  zone  (radius  100  m 
[330  ftj),  the  plume  will  occupy  a volume  of  19,000  m3  (5 
million  gallons).  Effluent  discharges  are  expected  to  be 
39,000  gal/d.  Thus,  the  volume  of  water  in  10  percent  of  the 
mixing  zone  tnat  is  available  to  dilute  a full  daily  discharge 
results  in  a dilution  of  128:1.  Actual  dilution  will  be  much 
greater  because  of  current-mediated  dispersion  of  the  plume  and 
replenishment  of  seawater  in  the  mixing  zone  during  the  course 
of  the  day. 
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It  is  not  Known  whether  concentrations  of  chlorine  or 
dissolved  hydrocarbons  will  meet  state  water  quality  standards 
because  concentrations  in  the  effluent  are  not  known. 
Dechlorination  would  eliminate  concern  about  chlorine  toxicity 
to  salmonids. 
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APPENDICES 


Appendix  A 


PLANKTON  RESOURCES 


Introduction 

The  plankton  is  composed  of  small  organisms  that  are  carried 
about  primarily  by  water  currents  rather  than  by  their  own 
swimming  activity.  Plankton  may  spend  all  (hoi oplankton)  or  part 
(meropl  ankton)  of  their  life  cycle  in  the  water  column. 
Phytoplankton  are  photosynthetic  organisms  frequently  limited  to 
shallow  surface  waters  by  light  availability.  As  primary 
producers,  they  are  the  base  of  epipelagic  food  webs  and 
contribute  significantly  to  food  webs  of  nearshore  and  estuarine 
habitats.  Phytoplankton  are  consumed  by  herbivorous  zooplankton 
and  larval  fish  ( ich thy opl ankton) . Zooplankton  inhabit  the  upper 
few  hundred  meters  of  the  water  column  and  are  herbivorous, 
carnivorous,  or  omnivorous.  They  are  ecologically  important  in 
that  they  affect  phytoplankton  population  growth,  recycle 
nutrients,  and/or  are  prey  for  other  zoopl ankters,  fish,  or  whale 
species.  The  success  of  the  zooplankton  in  translating  energy 
from  the  primary  producers  into  secondary  production  is  thought 
to  directly  affect  the  success  of  fish  cohorts. 

Biological  and  hydrographic/chemical  data  were  collected 
during  1978-83  in  Boca  de  Quadra  and  1981-82  in  Smeaton  Bay. 
Biological  data  included  measures  of  phytoplankton  cell  density, 
chlorophyll  3 concentrations,  uptake,  zooplankton  and 

ich thy opl  ankton  densities  and  ash  free  dry  weight.  Hydrographic/ 
chemical  data  included  redox  potential,  water  clarity, 
conductivity,  salinity,  temperature  as  a function  of  depth,  and 
measures  of  light,  nutrient,  and  dissolved  oxygen  levels  (VTN 
1980,  pp.  15-22;  VTN  1981b,  pp.  13-19). 


Phytoplankton  Resources 

The  major  phytoplankton  groups  within  Boca  de  Quadra  and 
Smeaton  Bay  fjords  included  diatoms,  dinoflagellates,  and 
microf  1 agell  ates  (Table  A-l).  The  diatoms  and  larger 
dinoflagellates  comprise  the  net-  and  nannoplankton  fractions 
05  urn)  and  the  microf  1 agel  1 ates  comprise  the  ultraplankton 
fraction  (<5  urn).  Of  these  three  groups,  diatoms  and 
microf  1 agel  1 ates  were  dominant  in  terms  of  number  of  taxa  and 
productivity.  Seasonal  patterns  of  abundance  (cells/cm3)  and 
productivity  (mg  C/m3/hr)  of  these  groups  were  generally  similar 
to  those  documented  for  temperate  estuaries  and  fjords  (VTN  1980, 
p.  45).  Peak  cell  densities  and  productivity  occurred  during 
spring  between  March  and  May.  Diatoms  were  the  principal  agents 
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Table  A-l.  Key  Phytoplankton  Species  in  Boca  de  Quadra  and 
Smeaton  Bay 

BACILL ARIOPH  YTA  (diatoms) 

Skeletonema  costatum 
Chaetoceros  spp. 

Thalassiosira  nordenskioldii 
B.acter.las.truin  delicatulum 
LeptQcylindrus  spp. 

PYRROPHYTA  (dinoflagellates) 

Gymnodinium  spp. 

CRYPTOPHYTA  (micr oflagellates) 

Cryptomonas  spp. 
flemiselmis  spp. 

PRASINOPHYTA  (micr of lagell ates) 

Pyramimonas  sp. 

J.etraselmis  sp. 

EUGLENOPHYTA  (euglenoid  flagellates) 

Eutreptia  sp. 

OTHER  MICRO  FLAG  ELL  ATES 

Unidentified  species 


Note:  This  list  is  a compilation  of  key  species  lists  for  the 

two  fjords.  Although  all  species  on  this  list  were 
present  in  both  fjords,  there  were  differences  between 
the  fjords  in  their  relative  abundance. 


SOURCE: 


VTN  1980,  p.  77;  VTN  1981b,  p.  68-69 


of  these  spring  blooms  (Figure  A-l).  In  Boca  de  Quadra 
Skel etonema  costatum  was  the  dominant  diatom;  Thai assiosira  spp. 
and  Chaetoceros  spp.  also  contributed  significantly  to  spring 
bloom  productivity  (VTN  1980,  Fig.  3.3-1).  In  Smeaton  Bay 
Thai assiosira  spp.  were  by  far  the  dominant  diatoms  during  spring 
blooms  and  accounted  for  89.8  percent  of  the  total  cell  density 
(VTN  1981b,  p.  27).  Overall  productivity  declined  by  the  end  of 
May,  although  some  dinoflagellate  species  (especially  Gymnodinium 
spp.  and  Peridinium  triqueta)  became  locally  abundant  after  the 
decline.  A second,  summer  bloom  occurred  in  both  fjords  in  1982 
primarily  due  to  an  increase  in  cell  densities  and  productivity 
of  ultraplankton  (microflagellate)  species  (Figure  A-l). 

However,  the  diatom  .£.  costatum  also  contributed  to  the  summer 
bloom  in  Boca  de  Quadra.  The  ultraplankton  provided  a 
substantial  background  of  standing  stock  and  primary  production 
during  other  times  of  the  year  as  well,  and  by  conservative 
estimation  probably  fix  more  than  one-half  of  the  total  carbon 
annually  in  these  two  fjords  (VTN  1983b,  p.  46).  Many  dominant 
microplankton  species  were  unidentified.  Key  genera  that  were 
identified  included  Cryptomonas  spp.,  Pyramimonas  sp., 

Tetraselmis  sp. , and  Hemiselmis  spp.  (Table  A-l). 

Seasonal  variation  in  chlorophyll  a concentrations 
corresponded  with  variations  in  productivity  of  the  two  major 
phytoplankton  groups  (VTN  1980,  Table  3.3-2;  VTN  1981b, 

Table  3. 3-3, 4, 5).  The  relative  contribution  of  net-  and 
nannoplankton  to  total  chlorophyll  a concentration  was  greatest 
during  spring  blooms.  During  other  sampling  periods 
ultraplankton  comprised  a greater  proportion  of  the  total 
chlorophyll  .a  concentration  than  net-  and  nannoplankton.  The 
significance  of  the  relative  contributions  of  these  two  groups  to 
productivity  has  been  recently  emphasized.  A decrease  in 
diatom/microflagellate  ratio  may  act  to  decrease  fish  production 
(Greve  and  Parson  1977).  The  argument  is  that  microf 1 agel 1 ates 
support  a food  chain  that  terminates  in  carnivorous  zooplankton 
species  such  as  ctenophores  or  medusae,  whereas  diatoms  support  a 
food  chain  for  young  fish  (VTN  1980,  p.  50). 

The  timing  and  depth  of  blooms  varied  considerably  between 
years  and  between  fjords  (VTN  1983b,  p.  36).  In  Boca  de  Quadra 
the  earliest  bloom  was  observed  during  the  last  week  in  March 
1980  and  the  latest  spring  bloom  occurred  during  May  1981.  In 
Smeaton  Bay  spring  blooms  occurred  during  April.  The  epicenters 
of  the  blooms  were,  in  some  cases,  focused  within  a narrow  depth 
range  (at  about  5 m)  but  in  other  cases  spread  more  homogeneously 
between  2 and  10  m depth.  Within-fjord  annual  and  spatial 
variability  tended  to  be  as  great  or  greater  than  the  variability 
between  fjords. 

The  factors  affecting  the  horizontal  distribution  of 
phytoplankton  were  difficult  to  identify,  but  differences  in 
hydrography  of  various  regions  appeared  to  play  an  important 
role.  For  example,  within  Boca  de  Quadra,  the  region  downfjora 
of  the  Kite  Island  sill  supports  a plankton  system  that  is 
distinctly  different  from  that  in  the  middle  and  inner  basins 
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(VTN  1983b,  p.  40)  due  to  the  location  of  sills  at  the  mouth  and 
at  Kite  Island.  Despite  the  influence  of  hydrography  on 
horizontal  distribution  of  phytoplankton  species,  differences  in 
total  primary  productivity  of  phytoplankton  between  the  inner  and 
middle  basins  of  Boca  de  Quadra  were  insignificant  when  compared 
with  interannual  variation  within  each  basin  (e.g.  compare 
differences  in  middle  basin  productivity  during  1981  and  1982  to 
between-f j ord  differences  in  1982  [Figure  A-l]).  Within  Smeaton 
Bay  the  phytoplankton  communities  at  the  extreme  ends  of  the 
fjord  were  very  similar,  while  stations  near  the  mouth  of  Wilson 
and  Bakewell  Arms  often  supported  the  most  distinct  assemblages 
(VTN  1981b,  p.  38). 

Environmental  factors  controlling  phytoplankton  dynamics 
within  these  two  fjords  were  similar  to  those  acting  in  other 
fjords.  They  included  light,  nutrients,  temperature,  water 
column  stability,  and  grazing  by  zooplankton.  The  onset  of  the 
spring  bloom  was  associated  with  a seasonal  increase  in  light 
combined  with  relatively  high  levels  of  nutrients  that  had  been 
replenished  during  the  winter  by  slow  mixing  of  deepwater  into 
the  upper  water  column  and  by  the  movement  of  coastal  surface 
water  into  the  fjord.  Increased  freshwater  discharge  from 
tributaries  in  spring  resulted  in  a strong  vertical  density 
gradient  (pycnocline)  and  reduced  vertical  mixing  of  the  water 
column.  By  increasing  residence  times  of  phytoplankton  in  well- 
lit  surface  waters,  the  pycnocline  enhanced  productivity.  In 
Boca  de  Quadra  and  Smeaton  Bay  the  uppermost  5 m (16  ft) 
exhibited  a strong  salinity  gradient  during  bloom  periods,  and 
these  depths  coincided  with  maximum  phytoplankton  density  and 
primary  production  rates  (VTN  1980,  p.  41;  VTN  1981b,  p.  36). 

High  rates  of  productivity  during  the  spring  bloom  resulted 
in  reduced  availability  of  nutrients,  particularly  nitrogen, 
phosphorus,  and  silicon.  At  some  stations  these  nutrients  were 
completely  depleted.  The  effects  of  nutrient  limitation  of 
phytoplankton  growth  could  be  seen  in  low  rates  of  assimilation 
of  carbon  per  unit  of  chlorophyll  .a  (mg  C/mg  chi  .a/hr)  during  the 
decline  (VTN  1980  p.  41).  Regenerated  nitrogen  for  a second 
summer  bloom  was  apparently  supplied  in  these  fjords  by 
zooplankton  in  the  form  of  ammonia  (VTN  1980,  p.  42;  VTN  1981b, 
p.  37).  Wind  mixing  of  deepwater  nitrate-N  into  the  euphotic 
zone  seemed  to  be  a less  likely  explanation  for  the  regeneration 
of  nutrients  due  to  the  strength  of  the  pycnocline. 

The  two  fjords  did  not  differ  significantly  with  respect  to 
primary  productivity  or  the  fundamental  processes  affecting 
phytoplankton.  However,  since  Boca  de  Quadra  ia  a larger  fjord 
with  greater  spatial  heterogeneity,  the  environmental  processes 
may  be  more  complex  than  in  Smeaton  Bay  (VTN  1983b,  p.  40). 


Z ooplankton 

The  most  abundant  herbivorous  zooplankters  within  the 
epi pelagic  zone  were  the  copepods  Pseudocalanus  spp. , Oithona 
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JagI-9Ql-a-ildi.ga , PACac.alanug  parvus,  Acartia  longiremis,  and  Oncaea 
boreal  is  (Table  A-2).  These  are  all  neritic,  boreal  groups  that 
feed  selectively  on  diatoms.  Other  non-sel  ecti  v e grazers  were 
the  larvacean  Oikopleura  spp.  the  tintinnids  Ptychocvlis  urnula 
and  S tenosemel 1 a ventricosa.  and  the  cladoceran  E vadne  sp. 

(Table  A-2).  Population  fluctuations  of  these  grazing  species 
were  closely  tied  to  fluctuations  in  phytoplankton  productivity, 
with  the  highest  densities  occurring  in  late  spring  and  summer 
and  the  lowest  densities  occurring  during  the  winter  (VTN  1983b, 
pp.  47-49).  An  exception  to  this  pattern  was  exhibited  by 
L.  hel icina.  which  was  common  in  spring  and  fall  but  reduced 
during  the  summer.  Epipelagic  herbivores  contribute 
significantly  to  higher  trophic  levels  through  two  major 
pathways.  First,  the  larger  grazers  consume  the  larger  net-  and 
nannopl  ankton  fractions  of  phytoplankton  and  are  then  preyed  upon 
by  fish.  Second,  the  microzooplankton,  principally  the 
tintinnids,  feed  on  micr of  1 agel  1 ates  or  extremely  small  diatoms 
(ultraplankton)  and  are  then  consumed  by  carnivorous  zooplankton, 
which  are  then  consumed  by  fish. 

Epipelagic  predators  included  medusae,  ctenophores, 
chaetognaths,  and  amphipods  (Table  A-2).  The  large  jellyfish 
Cyanea  capil lata  was  dominant  with  respect  to  biomass.  The 
ctenophore  Pleurobrachia  pil eus  was  seasonally  abundant.  Neither 
of  these  predators  contributes  to  higher  trophic  levels;  few,  if 
any,  organisms  prey  upon  them.  However,  they  are  of  ecological 
significance  as  "keystone  predators"  and  competitors  with  larval 
and  juvenile  fish  (VTN  1980,  p.  7 8).  The  predatory  amphipod 
Parathemisto  pacifica  and  the  chaetognath  Sagitta  elegans  are 
both  prey  for  a variety  of  fish.  Peaks  in  predator  populations 
closely  followed  peaks  in  grazer  populations.  By  significantly 
reducing  herbivore  populations,  these  predators  have  an  indirect 
but  important  impact  on  phytoplankton  abundance. 

Mesopelagic  zooplankton  within  these  two  fjords  included  the 
cope pods  Calanus  spp.  and  Metridia  pacifica.  the  amphipods 
Parathemisto  pacifica  and  Cyphocaris  challenger!,  and  the 
euphausiids  BuphflUSia  pacifica  and  Thysanoessa  spinifeia 
(Table  A-2).  These  species  feed  on  phytoplankton  and  detritus 
that  have  fallen  through  the  water  column  from  the  epipelagic 
zone  or  they  consume  other  zoopl ankter s.  They  are  important  prey 
of  fish,  especially  young  Pacific  cod,  sandlance,  and  walleye 
pollock  (VTN  1982f,  pp.  53-56).  All  of  these  species  are  known  to 
migrate  diurnally  with  the  exception  of  2.  pacifica.  However, 
studies  on  diel  migration  in  these  fjords  failed  to  document  diel 
changes  in  density  of  these  species.  In  Boca  de  Quadra  only 
harpacticoid  copepods  were  significantly  denser  near  the  surface 
in  night  samples  (VTN  1980,  p.  65);  in  Smeaton  Bay  .£.  elegans  was 
the  only  species  to  exhibit  a diel  pattern  (VTN  1981b,  p.  66). 
Presently,  the  data  are  insufficient  to  draw  conclusions  about 
the  extent  of  diel  migration  in  these  two  fjords. 

Of  the  mesopelagic  species,  the  omnivorous  euphausiids  are 
particularly  important  as  they  are  a preferred  fish  food.  They 
typically  are  also  important  prey  for  pelagic  birds  and  mammals, 
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Table  A-2.  Key  Zooplankton  Species  of  Boca  de  Quadra  and 
Smeaton  Bay 


PROTOZ  OA 

Tintinnidae 

Ptychocylis  sp. 

Stenosomella  ventriccs-a 

CNIDARIA 

Hydrozoa  (medusae) 

Proboscidactyla  f lavicirrat.a 
Phial id i urn  qreqarium 
Scyphozoa 

£y.aiiea  capillata 

CTENOPHORA 

Pleurcbrachia  spp. 

ARTHROPODA 
Cl adocera 

■Evadne  noi-dinani 

Cope  pod  a 

Acartia  spp. 

-Earacaianus  parvus 
Pseudocalanus  spp. 

■CalanLLS  marshallae 
C.fll  anus  plume  hr  us 
Jlet.rid.ia  pacifica 
Qncaea  borealis 
Oithona  helgolandica 
Amphipoda 

£ar.athemisto  pacifica 
Euphausiacea 
huphausia  pacifica 
Ihysancessa  spiniiex.a 

CHAETOGNATHA 

£agitta  elegans 

URO CHORDATA 
Larvacea 

Oikopleura  spp. 


Note:  This  list  is  a compilation  of  key  species  lists  for  the 

two  fjords.  Although  all  species  on  this  list  were 
present  in  both  fjords,  there  were  differences  between 
the  fjords  in  their  relative  abundance. 

SOURCE:  VTN  1980,  pp.  77-78;  VTN  1981b,  pp. 68-69 
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although  these  trophic  relationships  were  not  examined  in  Boca  de 
Quadra  and  Smeaton  Bay.  Copepods,  including  Cal  anus  spp.,  are 
indicator  species  within  fjords.  The  relative  number  of  Cal  anus 
spp.  vs.  other  copepod  groups  has  been  used  to  indicate  the 
potential  for  a herring  fishery  (Matthews  and  Heimdal  1980). 

The  differences  in  zooplankton  abundance  and  composition 
between  Boca  de  Quadra  and  Smeaton  Bay  are  minor.  The  only 
statistically  significant  difference  was  a greater  rate  of 
increase  in  ash-free  dry  weight  (Figure  A-2)  in  Smeaton  Bay 
during  1982.  Apparently,  the  greater  spatial  heterogeneity  of 
Boca  de  Quadra  contributes  to  greater  variability  in  zooplankton 
composition  and  abundance  in  that  fjord  ( VTN  1983b,  p.  52). 


Me.top.lank  ton 

The  non-decapod  meroplankton  comprised  25  percent  and 
12.3  percent  of  all  identified  zooplankton  in  Smeaton  Bay  and 
Boca  de  Quadra,  respectively.  Molluscan  larvae  were  the 
predominant  group  totalling  92  percent  of  all  non-decapod 
meroplankton  in  Smeaton  Bay.  The  combined  mean  density  of  all 
molluscan  larvae  sampled  during  1981  in  Smeaton  Bay  was 
comparable  to  the  combined  mean  density  of  all  calanoid  copepod 
taxa  (VTN  1981b,  Table  3.3-10).  Hence,  this  group  is  a major 
component  of  epi pelagic  and  mesopelagic  food  webs,  although  there 
is  presently  little  information  regarding  the  contribution  of 
this  group  to  higher  trophic  levels. 

Other  meroplankton  groups  were  echinoderm,  polychaete, 
barnacle,  and  decapod  crustacean  larvae  (Table  A-3).  Of  the 
latter  group,  the  larvae  of  Dungeness  crab  (Cancer  maaister) . 
Tanner  crab  (Chionoecetes  bairdi)  and  shrimp  of  the  genus 
Pandalus  are  life  history  stages  for  species  of  potential 
commercial  value. 

Fish  larvae  (ichthy opl ankton)  tended  to  be  most  abundant 
during  the  spring.  They  included  the  larvae  of  herring,  walleye 
pollock,  rockfish,  flatfish,  smelt,  smoothtongue,  and  sandl  ance 
(Table  A-3).  Herring  and  pollock  spawn  outside  of  the  fjord, 
while  rockfish  and  most  flatfish  spawn  in  the  fjords.  Rock  sole 
are  thought  to  spawn  in  the  outer  regions  of  the  fjords  (VTN 
1983b,  p.  56-57).  Additional  information  on  ichthy opl ankton  can 
be  found  in  Appendix  C. 
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I960  1981  1982 

Wilson  Arm/  Smeolon  Boy 

Boco  de  Quodro 

AFDW  * Ash  Free  Dry  Weighl 


COPEPOD  DENSITY  AND  ASH  FREE  DRY  WEIGHT  IN 
SMEATON  BAY  AND  BOCA  DE  QUADRA 

FIGURE 

A-2 

M 

SOURCE:  VTN  1983b,  Figure  4.1-10 
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Table  A-3.  Key  Meroplankton  and  Ichthyopl ankton  Species  in 
Boca  de  Quadra  and  Smeaton  Bay 


MOLLUSCA 

Gastropod  larvae 
Bivalve  larvae 

DECAPODA 

Pandalus  spp. 

Cancer  magister 
Chionoecetes  bairdi 
.Munida  g u ad ri spina 

PISCES 

Sl.upea  Mtengus  pallasi 
Theragra  .chalcQgramina 
Scorpaenidae 

flippoglossoides  elassodon 
Parophrys  vetulus 
Lepidopsetta  bilineata 
AiPJTi.Qdy.tes  hexapterus 
Osmeridae 

Bathylagus  stilbius 


Pandalid  shrimps 
Dungeness  crab 
Tanner  crab 
Pinch  bug  crab 


Pacific  herring 
Walleye  pollock 
Rockf ish 
Flathead  sole 
English  sole 
Rock  sole 
Sandl ance 
Smelt 

Smoothtongue 


Note:  This  list  is  a compilation  of  key  species  lists  for  the 

two  fjords.  Although  all  taxa  on  this  list  were 
present  in  both  fjords,  there  were  differences  between 
fjords  in  their  relative  abundance. 

SOURCE:  VTN  1980,  p.  77-7  8 and  Table  3.3-10; 

VTN  1981b,  p.  68-70  and  Table  3.3-10. 


\ 
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Appendix  B 


BENTHIC  RESOURCES 


JptrQdqctjpn 

Benthic  invertebrates  are  an  ecologically  and  commercially 
valuable  resource.  Many  invertebrate  taxa  function  as  major 
components  of  food  webs  as  links  between  primary  producers  and 
organisms  at  higher  trophic  levels,  including  seals,  whales, 
birds  and  fish.  Some  invertebrates,  such  as  shrimp  and  crab,  are 
commercially  harvested  for  human  consumption. 

Within  Smeaton  Bay  and  Boca  de  Quadra  fjords,  there  are 
several  types  of  benthic  habitat,  each  of  which  supports  a 
characteristic  assemblage  of  invertebrate  taxa.  These  habitat 
types  are:  1)  rocky  intertidal,  2)  rocky  subtidal,  3)  soft-bottom 
intertidal,  and  4)  soft-bottom  subtidal  (VTN  1983b,  p.  48). 

Within  each  of  these  habitat  types,  key  species  have  been 
identified  as  either  ecologically  and/or  commercially  important 
(VTN  1980,  pp.  252-257).  No  unique  benthic  invertebrates  have 
been  identified  in  either  fjord  (Envirosphere  1984,  p.  3-68). 

The  key  species  of  rocky  intertidal  habitats  include 
barnacles,  mussels,  and  rockweed  ( Fucus).  Barnacles  and  mussels 
are  ecologically  important  as  prey  for  many  organisms,  including 
some  (e.g.,  birds,  otters,  mink)  from  other  habitats  (VTN  1983b, 
p.  61,  Figure  5.3-4).  They  are  also  important  producers  of 
planktonic  larvae  which  are,  in  turn,  prey  for  a variety  of 
pelagic  fish.  Rockweed  is  of  major  ecological  importance  as  a 
source  of  carbon  in  the  form  of  detritus  that  is  utilized  as  food 
by  a variety  of  benthic  and  pelagic  organisms.  All  three  of 
these  key  species  provide  a habitat  for  many  other  taxa, 
including  some,  such  as  chironomids,  that  are  consumed  by 
commercially  harvested  fish  species. 

Within  the  rocky  subtidal  habitat,  kelp  are  a particularly 
valuable  resource.  Kelp  provide  detritus  and  dissolved  organics 
that  are  utilized  by  many  organisms,  including  some  of  potential 
commercial  importance  (e.g.,  abalone,  sea  urchins,  and  shrimp). 
Kelp  beds  are  also  an  important  spatial  resource  utilized  by 
fish,  shrimp,  and  crabs.  Some  of  the  invertebrate  species  within 
subtidal  rocky  areas  are  ecologically  important  as  top  predators 
that  regulate  the  abundances  of  other  benthic  species. 

Sedge  (Carex)  . rockweed  (Fucus)  . and  eel  grass  (Z  ostera)  are 
key  species  within  soft-bottom  intertidal  habitats  at  the  heads 
of  the  two  fjords.  All  of  these  species  are  important  sources  of 
carbon  and  provide  a spatial  refuge  for  many  species,  including 
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herring  and  outmigrating  salmon.  They  also  harbor  a diverse  and 
abundant  assortment  of  invertebrate  species  (including 
harpacticoid  copepods  and  insects)  that  are  major  food  items  in 
the  diets  of  fish,  birds,  and  mammals.  A species  of  potential 
commercial  importance  found  within  this  habitat  is  the  soft-shell 
cl  am.  My  a arenaria. 

Subtidal,  soft-bottom  habitats  are  the  most  extensive  of  all 
benthic  habitats  comprising  the  major  portion  of  the  fjord 
basins.  This  habitat  supports  the  largest  number  of  infaunal 
taxa,  many  of  which  are  prey  for  bottom  fish,  including  flathead 
sole,  English  sole,  and  halibut.  Commercially  important 
epifaunal  invertebrates,  including  several  species  of  shrimp 
(spot  and  coonstripe)  and  Dungeness  crab,  are  concentrated  in  the 
shallow  and  mid-depth  regions  of  this  habitat.  The  shallow  and 
mid-depth  areas  also  support  the  largest  number  of  species  and 
the  greatest  overall  abundance  of  infaunal  invertebrates.  Deeper 
benthic  areas  of  both  fjords  support  a greater  infaunal  biomass 
than  shallower  areas,  but  this  is  due  to  the  presence  of  large 
echinoderms  that  are  of  no  commercial  value  and  do  not  serve  as  a 
food  source  for  higher  taxa.  The  food  webs  of  deep  benthic 
communities  are  relatively  isolated  from  other  communities  within 
the  fjords. 

The  distribution  of  habitat  types  within  Boca  de  Quadra  and 
Smeaton  Bay  is  comparable  with  two  notable  exceptions.  Although 
Boca  de  Quadra  is  twice  as  large  (in  terms  of  surface  area)  as 
Smeaton  Bay,  the  soft-bottom  intertidal  and  estuarine  habitat 
areas  at  the  head  of  Boca  de  Quadra  are  limited  when  compared  to 
similar  areas  at  the  head  of  Wilson  Arm.  The  Wilson  Arm  estuary 
is  the  largest  in  southeast  Alaska  (Envirosphere  1984,  p.  3-68). 

A second  difference  in  the  distribution  of  benthic  habitat  types 
is  related  to  differences  in  the  topographies  of  the  two  fjord 
basins.  In  Boca  de  Quadra,  shallow  and  mid-depth  communities 
(0-200  m [0-660  ft])  are  found  within  an  inner  basin  that  is 
physically  separated  from  a deeper  middle  basin  community 
(200-400  m [660-1300  ft])  by  a shallow  sill  (110  m [360  ft]).  In 
Smeaton  Bay  the  three  soft-bottom  subtidal  community  types  grade 
into  one  another  with  no  physical  barriers. 

Baseline  studies  of  the  benthic  habitats  and  their  fauna 
were  conducted  in  Smeaton  Bay  in  1980-81,  and  in  Boca  de  Quadra 
in  1979-80.  Additional  monitoring  studies  were  conducted  in 
subsequent  years.  Since  mill  tailings  disposal  at  the  proposed 
depth  would  have  the  greatest  impact  on  deep  benthic  communities, 
this  summary  will  focus  on  the  soft-bottom  subtidal  habitat  and 
associated  fauna,  although  the  major  characteristics  of  the 
remaining  three  habitat  types  will  also  be  briefly  described. 
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Description  of  Habitat  Types  and  Associated  Biota 


Rockv  Intertidal  Habitat 

Surveys  of  both  fjords  identified  dominant  species  and 
associated  environmental  factors  that  affect  zonation  patterns, 
e.g.,  intertidal  height,  substrate  angle,  and  current  velocity. 

The  results  of  these  surveys  were  similar  for  the  two  fjords. 

Rocky  intertidal  habitats  of  several  types  were  distributed  along 
most  of  the  perimeter  of  each  fjord.  Some  areas  consisted  of 
rock  benches  with  surface  angles  ranging  from  nearly  vertical  to 
horizontal;  other  rocky  habitats  were  composed  of  boulder  or 
cobble  areas  on  sandy  beaches.  Rocky  intertidal  areas  were 
dominated  by  rockweed  ( Fucus  distichus)  . acorn  barnacles  (Bal anus 
gl  andul  a)  . bay  mussels  (My  tilus  edul  is)  . and  turf  algae  of 
several  species,  including  Odonthallia  spp.,  Rfrpd.Q.glos,s.yjn  affine/ 
and  filamentous  red  algae  (VTN  1981b,  p.  161;  VTN  1980,  p.  170). 

In  general,  rockweed  was  most  abundant  at  higher  tidal  levels  on 
gradual  slopes,  whereas  barnacles  and  mussels  were  most  abundant 
at  lower  tidal  levels  and  on  more  vertical  slopes.  Mussels  were 
most  abundant  at  headlands  and  other  areas  where  current 
velocities  were  greater.  Turf  algae  occupied  the  lowest 
intertidal  levels  on  gradual  slopes.  The  understory  organisms 
were  comprised  primarily  of  arthropods  and  molluscs.  Overall 
seasonal  fluctuations  in  the  rocky  intertidal  fauna  were  low  in 
both  fjords,  although  certain  species  (e.g.,  mussels)  fluctuated 
to  some  extent. 

Zonation  patterns  in  Smeaton  Bay  and  Boca  de  Quadra  were 
comparable.  However,  the  patterns  within  these  fjords  differ 
from  those  on  the  exposed,  outer  coast,  where  there  are  typically 
four  zones  (VTN  1981b,  p.  162).  The  difference  in  zonation 
patterns  in  fjords  can  be  attributed  to  lower  salinities  that 
exclude  certain  dominant  oceanic  species.  Breaks  in  the 
zonational  patterns  occurred  near  the  open  ends  of  Boca  de  Quadra 
and  Smeaton  Bay.  In  the  regions  downfjord  from  these  breaks, 
additional  oceanic  species  were  present  in  rocky  intertidal 
zones. 

Rocky..  Subtidal  Habitat 

Three  major  types  of  rocky  subtidal  habitat  were  identified 
in  the  two  fjords:  (1)  vertical  rock  walls;  (2)  sand-dominated 

substrates  on  gradual  slopes  (located  near  the  heads  of  the 
fjords);  and  (3)  mixed  rock/sand  habitats  with  interspersed 
boulders.  Each  of  these  habitat  types  was  occupied  by 
characteristic  assemblages,  and  within  each  habitat  the 
distribution  of  organisms  varied  with  respect  to  depth  (VTN  1983b, 

pp.  66-6  8). 

On  vertical  walls  at  shallow  depths  (0-3  m) , the  community 
was  dominated  by  red  algae;  at  mid-depths  (3-7  m) , kelps, 
crustose  algae,  chitons,  and  gastropods  were  dominant;  and  at 
deeper  depths  (>  7m),  tunicates,  brachiopods,  polychaetes,  and 
large  filter-feeding  crinoids  were  dominant.  Additional  factors 
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that  modified  the  relative  abundance  of  these  organisms  included 
substrate  angle,  amount  of  sediment  present,  current  velocity, 
and  biological  interactions  (e.g.,  predation,  competition). 

Sandy  substrates  with  gradual  slopes  were  dominated  by 
eelgrass  (Z ostera)  at  shallow  sites.  Bivalves,  crinoids,  sun 
stars  (Pycnopodia)  , and  isolated  patches  of  kelp  occurred  in 
deeper  waters. 

The  third  habitat  type  consisted  of  a mosaic  of  rock  and 
soft  substrate  assemblages  (VTN  1980,  Tables  5.3-6  through  5.3-8; 
VTN  1981b,  Tables  5.3-6).  Seasonal  changes  in  species  abundance 
occurred  in  both  fjords  as  a result  of  many  interacting  factors, 
including  seasonal  reproductive  and  migratory  patterns,  and 
seasonal  changes  in  salinity,  temperature,  and  nutrient 
availability  (VTN  1983b,  pp.  6 8-70). 

A comparison  of  the  two  fjords  indicated  differences  in  the 
distribution  of  the  three  types  of  rocky  subtidal  habitat.  Boca 
de  Quadra  is  a long  fjord  that  drops  off  abruptly  at  the  head. 

As  a consequence,  there  are  more  rock  wall  areas,  fewer  sand  and 
mixed  sand/rock  habitats,  and  fewer  kelp  beds  in  Boca  de  Quadra 
than  in  Smeaton  Bay. 

S.p.ft-bc>-ttQin  Intertidal.  Hablt-at. 

Soft-bottom  intertidal  habitats,  located  at  the  heads  of 
Wilson  Arm,  Bakewell  Arm,  and  Boca  de  Quadra,  were  composed 
primarily  of  silt  and  clay  with  very  little  sand,  gravel,  or 
cobble.  Three  intertidal  zones  were  identified  within  these 
areas:  sedge  (Carex)  . rockweed/cobbl e,  and  sand/mud.  An 

herb/grass  zone  was  also  present  above  the  intertidal  zone  in 
both  fjords  and  was  most  developed  in  the  upper  Wilson  estuary 
(VTN  1983b,  pp.  73-75). 

A variety  of  small  invertebrates,  including  polychaetes, 
oligochaetes,  molluscs,  and  crustaceans,  were  found  in  the 
intertidal  zones.  The  greatest  species  richness  occurred  in  the 
rockweed/cobbl e zone,  possibly  because  of  greater  spatial 
heterogeneity  ( VTN  1983b,  pp.  76-77).  There  were  strong  seasonal 
changes  in  abundances  of  certain  invertebrate  taxa,  such  as 
molluscs  and  polychaetes,  and  these  changes  probably  reflected 
seasonal  changes  in  salinity  and  temperature. 

The  distribution  of  the  dominant  zones  differed  for  Wilson 
Arm,  Bakewell  Arm,  and  Boca  de  Quadra.  The  mudflats  at  the  heads 
of  Boca  de  Quadra  and  Wilson  Arm  are  fed  by  relatively  large 
rivers  that  deposit  great  amounts  of  sediment.  Therefore,  the 
mudflat  and  marsh  areas  of  these  two  fjords  were  more  extensive 
than  in  Bakewell  Arm  (VTN  1983b,  p.  7 8).  The  Wilson  estuary  and 
soft-bottom  intertidal  area  is  more  extensive  than  that  of  Boca 
de  Quadra. 

A second  difference  related  to  the  distribution  of  eelgrass 
(Z ostera)  beds.  A bed  of  significant  size  was  present  in  the 
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Wilson  estuary  away  from  the  influx  of  the  Wilson  River  and  the 
effects  of  heavy  sediment  loads.  A small  eel  grass  bed  was 
present  in  the  middle  of  the  Bakewell  mudflats.  No  eelgrass  beds 
were  found  in  the  lower  mudflats  of  Boca  de  Quadra,  probably 
because  of  a lack  of  shallow  substrates  where  eelgrass  could 
become  established  in  areas  away  from  the  influx  of  the  Keta 
River. 

Soft-bottom  Subtidal  Benthos 

Infauna.  Soft-bottom  subtidal  stations  were  surveyed  in 
baseline  studies  during  1979-80  in  Boca  de  Quadra  and  1980-81  in 
Smeaton  Bay.  Additional  monitoring  studies  were  conducted  in 
both  fjords  during  1981-82.  Also  sampled  were  Mink  and  Vixen 
Bays  (extensions  of  Boca  de  Quadra),  and  Bakewell  Arm  (an 
extension  of  Smeaton  Bay).  Data  on  species  composition, 
abundance,  and  biomass  were  obtained  from  34  stations  in  Boca  de 
Quadra  and  17  stations  in  Smeaton  Bay,  al  though  only  a portion  of 
these  were  sampled  more  than  once  to  monitor  seasonal  changes. 
Grain-size  distribution  and  total  organic  carbon  content  of  the 
sediment  were  determined  for  representative  sampling  stations. 
Data  on  depth,  temperature  and  dissolved  oxygen  concentrations 
were  also  collected. 

Infauna  were  sampl  ed  using  a 0.1  m2  Van  Veen  bottom  grab  for 
silt/clay  sediments  and  a 0.1  irr  Smi th-McIntyre  grab  for  coarser 
sediments.  Grab  samples  were  sieved,  and  the  organisms  retained 
on  the  screen  were  identified  to  the  lowest  practical  taxonomic 
level,  enumerated,  and  weighed  (wet  weight).  The  sampling 
procedures  were  identical  for  both  fjords  with  one  major, 
significant  difference:  the  mesh  size  of  the  screens  differed 
during  baseline  studies.  Boca  de  Quadra  samples  (1979-80)  were 
sieved  through  0.5  mm  mesh  screen,  whereas  Smeaton  Bay  samples 
were  sieved  through  1.0  mm  mesh  screen.  During  later  monitoring 
studies  (1981-82)  sampling  procedures  for  the  two  fjords  were 
standard  (all  samples  sieved  through  1.0  mm  mesh  screens).  The 
biological  data  from  these  grab  samples  were  analyzed  to 
determine  species  richness  (number  of  species),  species  diversity 
(Shannon-Wiener  index),  individual  abundance,  evenness  (the 
distribution  of  abundance  among  species),  species  biomass,  and 
total  biomass.  Recurrent  faunal  assemblages  (communities)  were 
identified  using  classification  analyses  (VTN  1980,  pp.  155-162; 
VTN  1981b,  pp.  153-158). 

Samples  for  analyzing  grain-size  distribution  and  total 
organic  content  of  the  sediments  were  taken  from  undisturbed  grab 
samples  by  inserting  corers  through  the  top  of  the  sample  prior 
to  sieving.  Sediment  grain  size  was  determined  using  standard 
methods  (Folk  197  4).  Total  organic  carbon  was  determined  by  two 
methods:  (1)  weight  loss  during  ignition  (combustible  solids), 
and  (2)  weight  loss  through  digestion  with  H202  (digestible 
solids).  Also,  the  volume  of  organic  material  retained  on  a 
0.25  mm  mesh  screen  was  measured  (VTN  1980,  p.  161;  VTN  1981b, 
p.  157). 
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An  oxami  nation  of  the*  inf  nun  a]  communities  with  respect  to 
depth  showed  several  trends  common  to  both  fjords.  Infaunal 
communities  were  of  three  types:  shallow  (20-100  m)  , mid-depth 

(100-200  m) , and  deep  0200  m) . The  shallow  and  mid-depth 
communities  only  were  found  within  the  inner  basin  of  Boca  de 
Quadra,  separated  by  a sill  from  the  deep  community  of  the  middle 
basin.  In  contrast,  the  three  community  types  within  Smeaton  Bay 
graded  into  one  another  with  no  distinct  physical  barriers 
(Figure  4-1).  Each  community  type  could  be  defined  by  several 
interrelated  traits  such  as  characteristics  of  the  sediment  and 
biological  community  parameters. 

The  three  community  types  differed  with  respect  to  mean 
grain  size,  total  organic  carbon  content  of  the  sediment,  and 
volume  of  organic  material  (Table  B-l).  The  shallow  benthic 
communities  of  both  fjords  had  the  coarsest  sediments,  while  the 
finest  sediments  were  found  in  the  Boca  de  Quadra  middle  basin 
and  the  deepest  areas  of  Smeaton  Bay.  Trends  in  organic  carbon 
content  of  the  sediment  and  volume  of  organic  material  were 
similar  for  the  two  fjords.  Sediments  at  shallow  depths  were 
least  organically  rich  as  indicated  by  measures  of  combustible 
solids,  but  shallow  sediments  possessed  the  greatest  volume  of 
organic  material  retained  on  a 0.25  mm  mesh  sieve.  The  sediments 
of  mid-depth  and  deep  communities  were  increasingly  rich  as 
measured  by  percentage  combustible  solids,  but  they  possessed 
less  organic  material  by  volume  (Table  B-l).  This  reflects 
differences  in  the  sources  of  organic  material  to  the  two 
community  types.  River-carried,  terrestrial  debris  and 
decomposing  macroalgae  provide  a large  proportion  of  carbon  to 
shallow  areas,  while  deep  areas  receive  carbon  from  epipelagic 
zones  in  the  form  of  detrital  rain. 

There  were  significant  differences  between  the  three 
community  types  with  respect  to  the  following  biological 
measures:  species  richness,  species  diversity,  species  evenness, 

density,  and  biomass  (Table  B-2).  It  must  be  emphasized  that 
between-f j ord  comparisons  in  these  measures  cannot  be  made  using 
baseline  data  because:  1)  Boca  de  Quadra  samples  were  sieved 

through  a smaller  mesh  screen  than  Smeaton  Bay  samples,  and 
2)  the  samples  were  taken  during  different  years.  However, 
comparisons  among  the  communities  within  each  fjord  can  be  made, 
and  these  major  trends  can  then  be  compared  between  fjords. 

In  both  fjords,  the  shallow  and  mid-depth  benthic 
communities  were  most  species- rich.  That  is,  the  Boca  de  Quadra 
inner  basin  and  the  shallower  portions  of  Smeaton  Bay  (including 
Wilson  Arm)  support  higher  numbers  of  species  than  Boca  de  Quadra 
middle  basin  and  the  deeper  portions  of  Smeaton  Bay  (Table  B-2), 
respectively.  Species  diversity  was  greatest  in  mid-depth 
communities  in  both  fjords.  However,  in  Boca  de  Quadra,  species 
diversity  of  shallow  and  deep  communities  did  not  differ 
significantly.  In  Smeaton  Bay,  deep  communities  were  more 
diverse  than  shallow  communities.  This  was  due  to  the  more  even 
distribution  of  abundance  among  the  species  present  in  deeper 
communities.  In  both  fjords,  values  of  evenness  increased  with 
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Table  B-l.  Sedimentary  characteristics  of  major  softbottom,  subtidal  benthic  community 
types  in  Boca  de  Quadra  and  Smeaton  Baya 


Smeaton  Bay 


Boca  de  Quadra 


Mean 

Total 

Total 

Mean 

Total 

Total 

Stati on 

Depth 

Grain 

Organic 

Organic 

Stati on 

Depth 

Grain 

Organic 

Organic 

(m) 

Size 

Carbon 

Material 

(m) 

Size 

Carbon 

Material 

(fl) 

(»  vol.)c 

(0) 

(*  wt.l 

11 vol .) 

Shallow 

WA000 

16 

2.15 

0.29 

22.4 

BQ020 

35 

3.98 

2.04 

24.0 

WA002R 

50 

3.64 

2.04 

38.6 

BQ021 

35 

4.57 

2.76 

27 .0 

WA002L 

54 

4.22 

2.37 

21.5 

BQ022 

35 

3.45 

1.34 

12.5 

WA002C 

57 

3.65 

2.27 

14.4 

BQ0  40 

70 

3.91 

2.14 

27  .0 

WA005 

93 

4.68 

3.19 

13.1 

BQ041 

70 

5.17 

3.96 

18.6 

BQ0  4 2 

70 

4.95 

2.88 

23.9 

BQ100 

95 

5.96 

3.60 

16.7 

BQ101 

90 

5.85 

3.89 

20.0 

BQ102 

90 

5.44 

3.28 

9.7 

Mid- 

Depth 

WA010 

115 

5.22 

4.21 

9.4 

BQ200 

150 

7.20 

4.00 

3.7 

WA0  40 

132 

7.00 

3.31 

4 .6 

BQ201 

145 

6.94 

4.06 

2.8 

WA060 

155 

7.50 

4.0 

4.5 

BQ202 

150 

7 .00 

4 .17 

2.1 

BQ2  03 

150 

6.67 

4.01 

5 .3 

BQ401 

140 

4.54 

2.66 

2.3 

BQ412 

130 

7 .19 

4.25 

10.0 

Deep 

SB010C 

241 

8.11 

4.07 

0.7 

BQ500 

210 

6.28 

3.37 

7.3 

SB030 

245 

7.95 

4.25 

1.7 

BQ501 

195 

7.89 

4.89 

4.0 

SB050 

256 

7.39 

3.75 

5.3 

BQ502 

195 

7.52 

5.09 

3.9 

SB070 

265 

7.26 

3.50 

3.6 

BQ6  00 

2 80 

7.76 

4.44 

3.3 

BQ601 

275 

7.43 

4.72 

5.8 

BQ602 

275 

8.51 

4 .08 

3.2 

BQ700 

2 80 

8.28 

3.77 

2.2 

BQ7  01 

27  5 

7.86 

4.66 

5.0 

BQ702 

2 80 

8.38 

4.60 

6.3 

BQ800 

330 

8.30 

3.32 

1.9 

BQ801 

330 

8.06 

4.61 

3.4 

BQ802 

3 80 

7.20 

4 .02 

4.7 

Compiled  from  VTN  1980,  Tables  5.3-20,21;  VTN  1981b,  Tables  5.3-12,13. 
Combustible. 

Material  retained  on  a 0.25  mm  mesh  sieve. 


Table  B-2.  Biological  characteristics  of  three  major  community  types  in 
Boca  de  Quadra  and  Smeaton  Baya. 


COMMUN ITY 
TYPE 


SPECIES  SPECIES 

RICHNESS"  DIVERSITY0  EVENNESS 


NUMBER 

OF  TOTAL 

INDIVIDUALS0  BIOMASS0 


BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

BQ 

SB 

Shallow 

(20-100m) 

47 

20.8 

2.8 

1.84 

0,72 

0.63 

1336 

360 

68.50 

59.9 

Mid-depth 

(100-200m) 

49 

23.3 

3.0 

2.45 

0.76 

0.81 

513 

110 

98.16 

79.2 

Deep 

(200+m) 

31 

20.3 

2.7 

2.34 

0.78 

0.84 

2 80 

79 

92.9 

155.2 

(a)  Compiled  from  VTN  1980,  Table  5.3-26  and  VTN  1981b,  Table  5.3-15. 
Shown  are  means  of  values  obtained  from  seasonal  sampling. 

(b)  Values  are  mean  number  of  species  per  0.1  m2 . 

(c)  Shannon-Wiener  species  diversity  index. 

(d)  Values  are  mean  number  of  individuals  per  0.1  m2 

(e)  Values  are  wet  weights/m2 


NOTE:  These  figures  are  based  on  data  taken  during  baseline  sampling  periods. 

Since  sampling  procedures  and  years  of  sampling  were  different  for  the 
two  fjords,  between-f j ord  comparisons  of  values  in  this  table  cannot  be 
made.  However,  the  communities  within  each  fjord  may  be  compared  with 
respect  to  major  biological  characteristics,  and  observed  trends  may 
then  be  compared  between  fjords  (see  text  for  discussion). 
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increasing  depth  (Table  B-2).  This  is  due  to  the  presence  of 
certain  polychaete  groups  at  shallow  depths  that  were 
particularly  abundant  (dominant).  In  general,  infaunal  densities 
were  greatest  in  shallow  water  communities  and  decreased  with 
increasing  depth. 


Values  of  total  biomass  showed  the  opposite  pattern, 
however.  They  increased  with  increasing  depth  in  Smeaton  Bay  and 
increased  from  shallow  to  mid-depth  areas  in  Boca  de  Quadra,  then 
decreased  slightly  from  mid-depth  to  deep  communities.  This 
trend  in  biomass  values  is  better  understood  by  considering 
biomass  values  of  five  major  taxonomic  groups  (polychaetes, 
molluscs,  crustaceans,  echinoderms,  and  other  invertebrates) 
with  respect  to  depth.  Polychaete  and  mollusc  biomass  values 
were  significantly  greater  in  shallow  than  in  mid-depth  and  deep 
communities.  In  contrast,  echinoderm  biomass  values  were 
significantly  greater  for  deep  communities  due  to  the  presence  of 
large,  detritus-feeding  heart  urchins  (Brisaster  latif rons)  and 
mudstars  (Ctenodiscus  crispatus)  ( VTN  1980,  Table  5.3-27;  VTN 
1981b,  Table  5.3-16).  It  should  be  noted  that  polychaetes  and 
molluscs  are  prey  for  a variety  of  invertebrate  and  vertebrate 
groups,  while  few  organisms  prey  on  heart  urchins  and  mudstars. 

There  were  no  significant  differences  in  the  species 
composition  of  the  two  fjords.  Although  many  more  species  were 
present  in  samples  taken  during  baseline  studies  from  Boca  de 
Quadra,  this  can  certainly  be  attributed  to  the  smaller  mesh  size 
of  the  screens  used  to  sieve  grab  samples.  With  only  two 
exceptions  (Levinsenia  gracilis  and  Ophelina  breviata) . the  most 
abundant  species  within  each  community  type  in  Smeaton  Bay  were 
found  within  the  same  community  type  in  Boca  de  Quadra 
(Table  B-3).  No  unique  species  were  identified  from  either  fjord 
(Envirosphere  1984,  p.  3-68). 

Oxygen  values  remained  above  4 mg/1  throughout  the  baseline 
sampling  periods  in  Smeaton  Bay  and  Boca  de  Quadra.  This  value 
exceeds  levels  necessary  for  survival  of  marine  organisms. 

During  a subsequent  monitoring  period  (March-May,  1982),  the 
oxygen  levels  in  both  fjords  fell  below  this  level,  and  this  was 
associated  with  reduced  infaunal  abundance  in  both  fjords  (VTN 
1983b,  pp.  83-87).  Shallow  and  mid-depth  communities  recovered 
to  previous  levels  of  abundance  more  rapidly  than  deep 
communities,  and  recovery  in  the  Smeaton  Bay  deep  community  was 
more  rapid  than  in  the  middle  basin  of  Boca  de  Quadra. 

In  Boca  de  Quadra  there  were  distinct  seasonal  patterns  of 
abundance,  species  richness,  and  diversity.  Abundances  and 
species  richness  were  greater  in  winter  and  spring  than  in  summer 
and  fall  for  all  three  community  types.  Species  diversity, 
however,  increased  in  winter  and  spring  in  mid-depth  and  deep 
communities  but  decreased  in  shallow  communities.  This  was 
attributed  to  an  increase  in  the  dominance  of  polychaetes  (VTN 
1980,  pp.  244-246).  In  Smeaton  Bay,  subtidal  stations  were  not 
sampled  during  the  winter  nor  were  they  sampled  during  the  same 
year  as  Boca  de  Quadra,  so  a direct  comparison  of  seasonal 
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Table  B-3 


Most  abundant  infaunal  species  from  three  major  soft  bottom  community  types 
in  Boca  de  Quadra  and  Smeaton  Bay6 


S M D 


Annelida 

Mollusca 

Polychaeta 

Aplacophora 

Pholoe  minuta 
Anaitides  grpenlandica 
Eteone  sp. 

PodarKeppsla  brevipalpa 
Ancistrosvilis  groenlandica 
Nereis  sp. 

Nephtvs  cornuta  cornuta 
Nephtys  punctata 
Aolaophamus  maloreni 
Sphaerodoridium  cladaredii 
Clycera  capitata 
Lumbrineris  luti 

Ninoe  simpla 

Haploscplpplos  elongatus 
Aricidea  nr.  suecica 
Aricidea  1 opez i lopezi 

Aricidea  quadxilPbata 
bevinsenia  gracilis0 
Pripnpspip  steenstrupi 

Minuspio  cirri fera 

Chaet ozone  setosa 
Cossura  longocixrata 
Cossura  laeviseta 
Tharvx  sp. 

Ophelina  acuminata 

Qphelina  breviata0 

aediomastus  californiensis 

Maldanidae  spp. 

Haldane  glebifex 
£udymene  deli  neat  a 
Ampharete  acutifrons 
Melinna  cristata 
Terebellides  stroemi 
£uchone  arenae 


x 

X 

X 

X 

X 

X 

XXX 
X X 
X X 
X 
X 

X 

X X 
X X 
X X 
X X 
X 

XXX 
X X 
XXX 
X 
X 
X 
X 
X 

X X 

X 

X X 
X 
X 

X X 
X 
X 
X 


Nemertina 


unidentified  species  X X 


ChaetPderma  sp. 

Bivalvia 

Nucula  tenuis 
Yoldia  scissurata 
Thyasi ra  oouldi 
Adpntprhina  sp.  nova 
Adontorhina  cyclia 
Axinoosida  serricata 
Macoma  sp. 

Macoma  eliminata 

Scaphopoda 

Cadulus  sp. 

Arthropods 

Crustacea 

Ostracoda  spp. 

Copepoda  spp. 

Cumacea 

Eudorella  pacifies 

Diastylis  pellucida 

Am  phi  po  da 

heterophoxus  oculatus 
Bathymedpn  sp.  a 
BAtbymeden  nr.  pumilus 
Synchelidium  nr.  shoemakeri 
Harpinopsis  fulgens 


Echinodermata 
Echi noidea 

Brisaster  Tati frons 

Asteroi dea 

Ctenodiscus  crispatus 


S M D 


X 


X 

X 

X X 
X X 
X 
X 
X 
X 


X 


X 

X 

X 

X 


X 

X 


* This  list  was  prepared  by  selecting  the  most  abundant  species  within  each  community  type 
in  Smeaton  Bay.  with  the  exception  of  species  marked  with  (b),  all  species  were  present 
in  comparable  communities  at  Boca  de  Quadra. 

0 This  species  was  not  present  in  Boca  de  Quadra  samples. 

S - Shallow  (20-100m) 

M - Mid-depth  (100-200m) 

D - Deep  (200+m) 

SOURCE:  VTO  1980,  Figures  5.3-29  through  32;  VTN  1981b,  Figure  5.3-27 
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patterns  in  the  two  fjords  is  not  possible.  In  general,  the 
available  data  suggest  seasonal  changes  were  not  as  clearly 
defined  in  Smeaton  Bay  as  in  Boca  de  Quadra.  The  highest 
seasonal  values  for  total  number  of  specimens  in  Smeaton  Bay  were 
recorded  in  March  1981,  which  coincided  with  a time  of  peak 
polychaete  biomass  in  shallow  and  mid-depth  communities.  Species 
diversity  values  were  greatest  during  September  1981  in  shallow 
and  deep  communities;  this  may  have  been  due,  in  part,  to  the 
relatively  low  abundance  (biomass)  of  dominant  species  during 
those  periods  (VTN  1981b,  p.  197). 

Bpif auna.  Epifaunal  assemblages  were  sampled  in  Smeaton  Bay 
and  Boca  de  Quadra  using  otter  trawls  (for  depths  from  50-150  m) , 
crab  pots  (25-300  m) , and  shrimp  pots  (50-175  m)  (VTN  1980,  pp. 
81-85;  VTN  1981b,  pp.  72-76).  All  invertebrates  were  identified 
to  lowest  practical  taxonomic  level.  Shrimp  and  crabs  were  sexed 
and  counted.  Additional  data  (length,  weight,  molt  condition) 
were  recorded  as  time  allowed.  Abundances  were  expressed  as 
catch  per  unit  effort  (CPUE)  in  units  of  kg/km  for  trawls  and 
kg/day  for  pots.  A community  analysis  program  was  used  to 
identify  major  assemblages  (Table  B-4)  that  corresponded  in  depth 
range  to  the  three  infaunal  assemblages. 

Epifaunal  assemblages  sampled  by  trawl  differed  with  respect 
to  depth  in  both  fjords.  Shallow  and  mid-depth  assemblages  were 
found  in  the  inner  basin  of  Boca  de  Quadra  and  in  Wilson  Arm, 
while  deep  assemblages  were  found  in  Boca  de  Quadra  middle  basin 
and  deeper  areas  of  Smeaton  Bay  (VTN  1983b,  p.  110).  Shallow  and 
mid-depth  epifaunal  assemblages  were  richer  in  total  number  of 
species  and  abundances  of  commercially  important  species  than 
deep  assemblages.  They  were  characterized  by  several  species  of 
shrimp,  Dungeness  crabs,  and  Tanner  crabs.  Deep  assemblages  were 
characterized  by  sidestripe  shrimp,  Tanner  crabs,  and 
echinoderms.  Echinoderms  comprised  a large  percentage  of  the 
total  biomass  of  the  deep  assemblage  (VTN  1983b,  p.  110). 

In  view  of  the  differences  in  sampling  gear  used  to  collect 
different  species,  it  is  difficult  to  quantitatively  compare 
species  abundances.  However,  it  is  possible  to  compare 
abundances  of  a single  species  within  different  areas  of  a fjord. 
Limited  data  are  available  for  making  between-f j ord  comparison  of 
epifaunal  abundance,  as  both  fjords  were  sampled  simultaneously 
during  the  monitoring  studies  of  1981-83.  However,  the  data  are 
insufficient  to  draw  conclusions  regarding  the  long-term  relative 
abundance  of  epifaunal  species  in  the  two  fjords. 


Key  Epifaunal  Species 
Dungeness  Crab  (Cancer  magisterl 

Dungeness  crabs  are  ecologically  important  in  the  food  webs 
of  estuarine,  soft-bottom  intertidal,  and  subtidal  benthic 
habitats.  They  are  scavengers  that  consume  detritus  and  a 
variety  of  benthic  invertebrates.  In  turn,  they  are  prey  for 


B-10 


Table  B 

ASSEMBLAGE 

Shallow 
(20-100  m) 


lid -depth . 
(100-200  m) 


)eep 

(200-330  m) 


SOURCE:  VTN 


-4.  Major  Taxa  of  the  Three  Epifaunal  Assemblages  Found 
in  Boca  de  Quadra  and  Smeaton  Bay 

MAJOR  TAXA 


Arthropoda 

Crustacea 

Decapoda 

Natantia  (shrimps) 

Pandalopsis  dispar  (sidestripe  shrimp) 
Pandalus  borealis (pink  shrimp) 

Pandalus  hypsinotus  (coonstripe  shrimp) 
P-andalus  Platvceros  (spot  shrimp) 
Reptantia  (crabs) 

C.ancer  magister  (Dungeness  crab) 
Chionoecetes  bairdi  (Tanner  crab) 

Hunida  auadrispina  (pinch  bug  crab) 


Arthropoda 

Crustacea 

Decapoda 

Natantia  (shrimps) 

Cranaon  spp.  (crangon  shrimps) 
Pandalopsis  dispar  (sidestripe  shrimp) 
Pandalus  borealis  (pink  shrimp) 

P.andalus  hypsinotus  (coonstripe  shrimp) 
Pandalus  platyceros  (spot  shrimp) 
Reptantia  (crabs) 

Chionoecetes  bairdi  (Tanner  crab) 


Arthropoda 

Crustacea 

Decapoda 

Natantia  (shrimps) 

Pandalopsis  dispar  (sidestripe  shrimp) 
Pandalus  borealis  (pink  shrimp) 
Reptantia  (crabs) 

Chionoecetes  bairdi  (Tanner  crab) 

E chi node rroata 

Asteroidea  (starfishes) 

Ctflnodiscus  crispatus  (mud  star) 

Echinoidea  (sea  urchins) 

Brisaster  latif rons  (heart  urchin) 


1983b,  Table  5.3.2. 
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river  otter,  mink,  harbor  seals,  rockfishes,  and  dogfish  in  near- 
shore and  estuarine  habitats,  and  Pacific  halibut  in  deeper 
benthic  habitats  (VTN  1983b,  Figures  5. 3-5. 6).  Dungeness  crabs 
are  commercially  harvested  in  both  Boca  de  Quadra  and  Smeaton 
Bay.  The  average  reported  annual  catch  between  1969-78  of  mature 
males  (carapace  >176  mm)  was  2,345  lbs  in  Boca  de  Quadra  and 
519  lbs  in  Smeaton  Bay  (VTN  1980  , p.  131;  VTN  1981b,  p.  138). 

In  both  fjords  juveniles  and  adults  were  found  primarily  at 
shallow  depths  (<100  m)  and  juveniles  were  often  found  in  the 
eelgrass  beds  of  Wilson  estuary  (Envirospher e 1984).  During 
1980-81  the  mean  CPUE  of  Dungeness  crabs  (sampled  with  pots)  was 
greater  for  Wilson  Arm  than  for  Boca  de  Quadra  inner  basin  during 
four  of  five  sampling  periods,  while  the  catch  in  deeper  areas  of 
Smeaton  Bay  exceeded  that  of  the  Boca  de  Quadra  middle  basin 
during  all  of  four  sampling  periods  (VTN  1983b,  Fig.  4.3-5).  It 
should  be  noted,  however,  that  wi thin-f j ord  seasonal  variability 
in  catch  was  great  (e.g.,  mean  CPUE  for  Wilson  Arm  decreased  from 
14.0  to  2.0  between  March  and  September  1981)  and  exceeded,  in 
some  cases,  between- f j ord  differences  in  mean  CPUE. 

Tanner  Crab  ( Chionoecetes  bairdi) 

Tanner  crabs  are  ecologically  important  in  the  food  webs  of 
subtidal  benthic  habitats.  They  consume  detritus  and  are  prey 
for  spiny  dogfish  and  Pacific  halibut.  Although  male  Tanner 
crabs  >140  mm  (carapace  width)  may  be  harvested  commercially, 
very  few  crabs  >140  mm  were  found  during  baseline  studies  in  Boca 
de  Quadra  and  Smeaton  Bay. 

Tanner  crabs  were  collected  with  all  gear  types  from  all 
sampling  areas  of  both  fjords.  In  Wilson  Arm  the  smallest 
individuals  were  caught  in  trawls  near  the  shallow  head  of  Wilson 
Arm;  the  intermediate  sizes  were  caught  in  shrimp  pots  near  the 
edges  of  the  fjord  basin;  while  the  largest  crabs  were  caught  in 
Tanner  crab  pots  in  the  deeper,  central  areas  of  the  basin  (VTN 
1981b,  p 140).  In  both  fjords,  Tanner  crabs  were  relatively  rare 
at  shallower  depths  (<100  m) ; these  areas  were  dominated  by 
Dungeness  crabs.  Tanner  crabs  and  Dungeness  crabs  co-existed  at 
depths  of  100-150  m,  while  only  Tanner  crabs  were  found  at  depths 
>150  m.  They  were  least  abundant  in  the  deepest  areas,  such  as 
the  outer  part  of  the  Boca  de  Quadra  middle  basin  (VTN  1983b,  pp. 
118-119).  The  catch  rates  for  Tanner  crabs  in  Boca  de  Quadra  and 
Smeaton  Bay  were  comparable  during  1981-82  (VTN  1983b,  p.  119). 

Soot  Shrimp  (Pandalus  platyceros)  and  Coonstripe  Shrimp__( Randall 

iiypsin^tus) 

Spot  and  coonstripe  shrimp  are  the  only  commercially 
harvested  shrimp  species  in  the  two  fjords.  The  peak  annual 
commercial  value  of  shrimp  captured  using  shrimp  pots  exceeds 
$56,000  and  $11,000  in  Boca  de  Quadra  and  Smeaton  Bay, 
respectively  (Envirosphere  1984,  p.  3-81).  These  shrimp  are 
ecologically  important;  they  feed  on  detritus  and  a variety  of 
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marine  invertebrates  and  are,  in  turn,  prey  for  a variety  of 
fish. 


Spot  and  coonstripe  shrimp  were  captured  in  shallow  trawls 
in  both  fjords,  but  most  were  collected  with  shrimp  pots.  The 
greatest  abundance  of  these  species  was  found  along  the  sides  of 
the  fjord  basins  in  areas  inaccessible  to  trawl  gear  (VTN  1983b, 

p.  120). 


Other  Shrimp 

Other  major  shrimp  species  in  both  fjords  included  the 
sidestripe  shrimp  (Pandalopsis  dispar)  and  pink  shrimp  (Pandalus 
borealis) . Neither  species  is  commercially  harvested.  Both 
species  consume  detritus  and  benthic  invertebrates  and  are  prey 
for  a variety  of  fish. 

Sidestripe  shrimp  were  sampled  only  in  trawls,  as  this 
species  is  not  attracted  to  baited  pots.  It  was  a dominant 
species  in  all  areas  trawled  in  both  fjords  (VTN  1983b,  p.  120). 
It  was  present  even  in  the  deeper  areas  of  the  middle  basin  of 
Boca  de  Quadra  and  Smeaton  Bay,  areas  not  inhabited  by  other 
shrimp  species.  Pink  shrimp  were  captured  in  trawls  and  shrimp 
pots;  they  were  often  numerically  abundant  in  trawls,  but  did  not 
represent  a major  part  of  the  community  biomass  (VTN  1983b,  p. 
120)  . 
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Appendix  C 


FISH  RESOURCES 


Introduction 

Fishes  play  an  important  role  in  community  structure  and 
dynamics.  Predation  by  fishes  influences  the  abundance  of 
organisms  such  as  molluscs,  polychaetes,  epibenthic  and 
planktonic  crustaceans,  and  other  fishes.  In  turn,  fishes  are  a 
major  food  source  for  other  fishes,  marine  birds,  and  mammals. 
Environmental  factors  such  as  climate  and  oceanographic 
conditions  also  affect  survival  and  recruitment  of  fishes. 

Although  the  Gulf  of  Alaska  supports  approximately  287 
species  of  fish  belonging  to  55  families,  only  75  species  have 
been  observed  in  Boca  de  Quadra  and  Smeaton  Bay  (Table  C-l). 

Fish  families  of  economic  or  ecological  importance  in  Boca  de 
Quadra  and  Smeaton  Bay  include  Salmonidae  (salmon,  trout,  and 
char),  Clupeidae  (herring),  PI euronectidae  (flatfish),  Gadidae 
(codfish),  Scorpaenidae  (rockfish),  Stichaeidae  (prickl ebacks) , 
Cottidae  (sculpins),  Zoarcidae  (eelpouts),  Osmeridae  (smelts), 
Ammodytidae  (sandlances) , and  Squalidae  (sharks)  (Envirosphere 
1984,  p.  3-70).  The  dominant  fishes  in  terms  of  abundance  are 
herring,  pink  salmon,  chum  salmon,  and  sandlance  in  the  pelagic 
zone,  and  flathead  sole,  English  sole,  slender  sole,  walleye 
pollock,  and  longsnout  prickleback  in  the  epibenthic  zone  (VTN 
1983b,  p.  94;  Envirosphere  1984,  pp.  3-62  and  3-70). 

In  comparing  the  two  fjords,  demersal  fish  species 
composition  tends  to  be  similar  within  the  same  habitat  type. 
Wilson  Arm  and  the  inner  basin  of  Boca  de  Quadra  are  comparable 
in  depth  range  and  composition  of  demersal  fishes,  while  Smeaton 
Bay  and  the  middle  basin  of  Boca  de  Quadra  are  both  relatively 
deep  and  contain  similar  fish  species  (Figure  C-l).  Bakewell  Arm 
is  intermediate  in  depth  to  the  aforementioned  areas  and  supports 
a mixture  of  shallow  and  deepwater  demersal  fish  species.  Common 
species  of  the  shallower  basins  (inner  Boca  de  Quadra  and  Wilson 
Arm)  include  several  flatfishes,  walleye  pollock  (Theraara 
chalcoaramma) . eelpouts,  and  sculpins.  The  deeper  basins  (middle 
Boca  de  Quadra  and  Smeaton  Bay)  are  characterized  by  fewer 
demersal  fish  species.  Little  is  known  about  adult  fishes  in  the 
epipelagic  or  mesopelagic  zones  throughout  both  fjords  (VTN 
1983b,  p.  91). 

A quantitative  comparison  of  demersal  fish  abundance  between 
fjords  is  not  reasonable  because  of  differences  in  the  sampling 
vessel  utilized  in  each  fjord  and  differences  in  year  of 
intensive  sampling  (Fishman  pers.  comm.).  However,  comparison  of 
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Table  C-l.  FlBh  Species  Identified  from  Boca,  de  Quadra  and  Wilson  Arm/Sueaton  Bay 


TAXON 

COMMON  NAME 

LOCATION 

Family  Squalidae 

SgualUB  acanthlas 

Spiny  dogfish 

ws 

Family  Rajidae 

Raja  sp. 

Skate  egg  case 

BDQ 

.Baja  binoculata 

Big  skate 

BDQ 

Raja  rhj  na 

Longnose  skate 

• 

Family  Chimaeridae 

Hy-d-iclasus  coiiiei 

Ra  tf  i sh 

WS 

Family  Botbidae 

Citharichthys  sordidus 

Pacific  sanddab 

BDQ 

Family  Pleuronectidae 

AtJaereetbes  stomias 

Arrov tooth  flounder 

* 

Relnhardtius  hlppoolossoldes 

Greenland  turbot 

WS 

Hippos loss us  atfiaolejua 

Pacific  halibut 

« 

flippogloBBOides  elassodon 

Flathead  sole 

* 

Xyopaette  giilis 

Slender  sole 

* 

Parophrvs  YBtUlUE 

English  sole 

* 

flic I Ofi tonus  paclf icus 

Dover  sole 

* 

Glyptocepbfllufi  xachirufi 

Rex  sole 

* 

Llmanda  AfipeiA 

Tellowfin  sole 

BDQ 

Jflatichthys  stellatus 

Starry  flounder 

* 

■Lepldopsetta  blllneata 

Rock  sole 

« 

Isopsetta  iEOlepis 

Butter  sole 

BDQ 

Family  Agonidae 

Agonidae 

Poacher,  unid. 

* 

flathycaonis  nigriplnnis 

Blackfin  poacher 

• 

fldoatopyiiB  .trispinoBB 

Pygmy  poacher 

BDQ 

Afiterotbeca  alascana 

Grey  starsnout 

BDQ 

JPodotbecus  aclpenserinuB 

Sturgeon  poacher 

« 

Family  Aamodytidae 

Anunodytes  hexapterus 

Pacific  sandlance 

* 

Family  Anoplopomatidae 

AnopI opona  fimbria 

Blackcod 

* 

Family  Aulorhynchidae 

Aulorhynchus  ilayldus 

Tube-snout 

WS 

Family  Bathymasteridae 

HonauilUB  iordanl 

Northern  ronquil 

* 

Bathymaster  sipnatus 

Searcher 

BDQ 

Family  Clupeidae 

Clupea  barenaus  pal Iasi 

Pacific  herring 

* 

Family  Cottidae 

Cottidae 

Sculpin,  unid. 

* 

ICtllnUB  tenuis 

Spotfin  sculpin 

WS 

JcelinUB  fllamentOEUE 

Treadfin  sculpin 

* 

■Radulinus  aspifcllus 

Slim  sculpin 

* 

Cllnocottufi  acutlceps 

Sharpnose  sculpin 

WS 

HalaCQCOttUB  klncaldi 

Blackfin  sculpin 

« 

lliglops  pinqeli 

Ribbed  sculpin 

BDQ 

Irfptocottus  ajmatufi 

Pacific  staghorn  sculpin 

* 

GULbcrtidia  sigaiutes 

Soft  sculpin 

WS 

Enophrys  bison 

Buffalo  sculpin 

ws 

PanycottUB  Betlger 

Spinyhead  sculpin 

# 

tllca  bol  Ini 

Bigmouth  sculpin 

« 

Icelus  Bplniger 

Thorny  sculpin 

* 

Family  fiibiotocidae 

Cymatoq aster  aaareoata 

Shiner  surfperch 

* 

Family  Gadidae 

Gadidae 

Codfish,  unid. 

ws 

Gadua  nacrocaphaluB 

Pacific  cod 

• 

Theraara  chalcnqrammn 

Walleye  pollock 

* 

Family  Gasterosteldae 

Gasterosteus  aculeatus 

lhreesplne  stickleback 

# 

Family  Syngnathidae 

Svnonathus  oriseol ineatus 

Bay  pipefish 

* 
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Table  C-l.  Continued 


TAXON 


COttrtQN  H AttE  LOCATION 


Family  Cy clopteridae 
Llparls  fuceneiE 
Careproctus  jLas.tr inus 
Eumicrotremus  prbis 


Slipskin  snailfish 

NS 

Pink  snailfish 

• 

Pacific  spiny  lumpsucker 

NS 

Family  Myctophidae 

Llenflktacluirs  leucppsaums 

Family  Osmeridae 
Osmeridae 

ThaleichthvE  paciflCUS 
By  pomes  us  jretio.SUS 

Family  Salmonidae 

Onchorvnchus  tshawtscha 
Qnchorynchus  JufiUtCb 
flncbpryachus  keta 
Pncorhyuchus  nerka 

Qnrnr hylic hus  gorhusca 
Salvellnus  naima 
Sal bo  aalrdnerl 

Sa  ) mo  cl  arlt  i 

Family  Stichaeidae 
Stichaedae,  unid. 

Lumpemis  Bag! tta 
■Foroclinus  iPtbrockl 
Lumpenel la  longirostrls 

Lycoaectes  aleuteasls 


Northern  lampfich  NS 


Smelt,  unid. 
Eulechon 
Surf  smelt 


Chinook  salmon 
Coho  salmon 
Chum  salmon 
Sockeye  salmon 
Pink  salmon 
Dolly  Varden 
Steelbead  trout* 

Sear un  cutthroat  trout* 


Prickleback,  unid.  NS 

Pacific  Bnake  prickleback  * 

Whitebarred  prickleback  * 

Longsnout  prickleback  * 

Dwarf  vrymouth  NS 


Family  Pholidae 
Pholidae,  unid. 
Phol is  laeta 


Gunnel,  unid.  NS 

Crescent  gunnel  * 


Family  Zoarcidae 
Bothrocara  molle 
Apiadoa  cortezlanus 
Lycodes  bieyipes 
-Lycodapus  grossldens 


Soft  eel pout 
Bigfin  eelpout 
Shortfin  eelpout 
Bigtooth  eelpout 


* 

NS 


Family  Scorpaenidae 
Scorpaenidae 
■Sabas  tes  clllatus 
Sebastes  piimiger 
Sebastes  aleutianus 
Sebastes  bieyispinus 
Sfibates  crameri 
Sebastes  flavidus 
Sebastes  mal lger 
Sebastes  ruber rlmuE 


Rockfish,  unid. 

• 

Dusky  rockfish 

• 

Canary  rockfish 

* 

Rougheye  rockfish 

NS 

Silver  grey  rockfish 

NS 

Dark  blotched  rockfish 

WS 

Yellowtail  rockfish 

NS 

Quillback  rockfish 

NS 

Yelloweye  rockfish 

NS 

Location  Key:  BDQ  - Boca  de  Quadra 

NS  - Nilson  Arm/Smeaton  Bay 
* - Both  fjords 

Note:  Although  a species  may  not  have  been  found  in  one  of  the  fjords, 

this  list  does  not  suggest  that  it  does  not  occur  there.  Instead,  this 
difference  is  probably  due  to  sampling  differences  and/or  the  low 
probability  of  sampling  a less  abundant  species. 

a Doherty  pers.  comm. 

SOURCE:  VTN  1980,  Table  4.3-3j  VTN  1981b,  Table  4.3-2. 
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CHARACTERISTIC  DEMERSAL  FISH  OF  BOTH  FJORDS  BY 
HABITAT  AREA 


FIGURE 

C-l 


SOURCE:  VTN  1983b,  Figure  4.3-7 
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fish  abundance  within  areas  of  each  fjord  is  reasonable.  Within 
each  fjord,  a dominant  characteristic  is  the  markedly  lower 
abundance  of  demersal  fish  as  measured  by  catch  per  unit  effort 
(Tables  4-4  and  4-5)  in  the  deeper  middle  basin  of  Boca  de  Quadra 
(0.11  kg/km)  and  Smeaton  Bay  (0.58  kg/km)  relative  to  the 
shallower  inner  basin  of  Boca  de  Quadra  (3.12  kg/km)  and  Wilson 
Arm  (11.57  kg/km). 

In  the  pelagic  zone,  densities  of  juvenile  herring  are 
similar  in  each  fjord,  although  the  outer  fjord  areas  contain 
substantially  greater  densities  than  the  inner  fjord  areas. 

A major,  important  difference  between  the  fjords  is  that 
Smeaton  Bay  contains,  on  average,  a million  (3.5  times)  more 
adult  salmon  than  Boca  de  Quadra. 

Several  locations  within  Boca  de  Quadra  and  Smeaton  Bay  have 
been  identified  as  being  relatively  important.  The  mouth  of  Boca 
de  Quadra  includes  one  of  the  largest  herring  spawning  grounds  in 
southeast  Alaska.  Larval  herring  from  this  spawning  ground  are 
most  abundant  in  the  outer  portion  of  each  fjord.  The  estuaries 
and  nearshore  waters  near  the  head  of  the  fjords  are  important  to 
juvenile  salmon.  Also,  the  shallower  areas  of  each  fjord  have 
been  shown  to  support  over  20  times  more  demersal  fish  biomass 
than  the  deeper  areas  (Tables  4-4  and  4-5). 


Description  of  Resource 


Forage  Fishes 

Pacific  Herring  (Clupea  .haiengus_p.all.agJJ..  Herring,  an 
important  forage  fish,  is  also  commercially  harvested.  It  is 
distributed  pelagically  throughout  the  North  Pacific  rim,  in  the 
Bering  Sea,  and  along  the  shores  of  the  Arctic  Ocean.  A 
geographically  distinct  stock  occurs  in  the  Ketchikan  area, 
including  the  Quartz  Hill  area  (VTN  1980,  p.  127). 

Juvenile  herring  were  the  most  abundant  fish  captured  in  the 
nearshore  habitats  of  Boca  de  Quadra  (Envirospher e 1984,  p.  3-73) 
and  Smeaton  Bay  (VTN  1981b,  Table  4.3-26).  In  both  fjords, 
abundance  of  young-of-the-year  herring  increased  from  the  inner 
fjord  area  to  the  outer  fjord  area;  sidearms  also  contained 
numerous  small  herring  (Figures  C-2  and  C-3).  In  comparing  the 
two  fjords,  similar  numbers  of  larval  herring  were  captured  in 
the  outer,  middle,  and  inner  portions  of  each  fjord.  Sampling 
design  was  not  effective  for  estimating  distribution  and 
abundance  of  age-1  and  older  herring;  however,  Street  (1980  in 
Envirosphere  1984,  p.  3-73)  observed  age-1  herring  during  winter 
to  be  most  concentrated  in  the  inner  basin  of  Boca  de  Quadra 
where  the  population  was  estimated  to  be  over  a million  fish. 
Herring  are  also  known  to  overwinter  in  Smeaton  Bay  (Larson  pers. 
comm.).  Carlson  (1980,  p.  71)  reported  that  adult  herring  near 
Auke  Bay,  Alaska,  inhabited  the  upper  5-37  m (16-120  ft)  during 
summer,  then  descended  to  52-85  m (170-280  ft)  by  winter. 
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SOURCE:  VTN  1982f,  Figure  3-1 
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Similarly,  herring  in  Boca  de  Quadra  were  found  near  or  resting 
on  the  seafloor  at  depths  of  70-90  m (230-300  ft)  during  winter 
daylight  hours,  then  rising  and  dispersing  through  the  water 
column  at  night  (B1  ankenbeckl  er  pers.  comm.). 

One  of  the  largest  populations  of  herring  in  southeast 
Alaska  spawns  near  the  mouth  of  Boca  de  Quadra  at  Kah  Shakes  Cove 
and  vicinity  during  late  winter  and  early  spring  (VTN  1982c,  p. 
49).  Smaller  herring  stocks  spawn  in  the  inner  basin  of  Boca  de 
Quadra  and  at  Carp  Island  located  near  the  entrance  to  Smeaton 
Bay.  However,  most  herring  in  the  fjords  are  believed  to  have 
originated  from  Kah  Shakes  Cove.  This  hypothesis  is  supported  by 
the  large  number  of  larval  herring  in  the  outer  portion  of  the 
fjords  relative  to  the  inner  portion  (Figure  C-2  and  C-3).  The 
large  number  of  age-1  herring  at  the  head  of  Boca  de  Quadra 
suggests  that  the  fjord  is  an  important  year-round  rearing 
habitat.  Extensive  data  to  compare  the  relative  use  of  the  inner 
and  middle  basin  of  Boca  de  Quadra  by  older  herring  is  not 
available,  although  both  basins  are  probably  heavily  used  by 
schools  of  migrating  herring  (Blankenbeckl er  pers.  comm.). 

Maj  or  prey  of  herring  in  Boca  de  Quadra  and  Smeaton  Bay  are 
copepods,  fish  eggs,  and  pelagic  snails  (Limacina  sp.)  (VTN 
1982c,  pp.  J-2  to  J-18  and  pp.  0-2  to  0-7).  Generally,  calanoid 
copepods  are  the  major  food  item  of  young-of-the-year  and 
1-year-old  fish.  Older  herring  consume  euphausiids,  fish  eggs, 
and  harpacticoid  copepods.  During  winter,  herring  generally  do 
not  feed.  Herring,  in  turn,  are  consumed  by  birds,  seals,  and 
sea  lions. 

Pacific  Sandlance  (Ammodytes  hexapterus) . Pacific  sandl ance 
is  an  important  forage  fish  that  ranges  from  southern  California 
to  the  Bering  Sea  (Hart  1973,  p.  362).  It  generally  inhabits 
water  less  than  100  m (330  ft)  and,  because  it  lacks  a swim 
bladder,  must  either  actively  swim,  rest  on  the  bottom,  or  bury 
into  sand  or  fine  gravel.  Sandlance  form  large  pelagic  schools 
during  the  day,  returning  to  the  bottom  at  night. 

During  1981  and  1982,  sandlance  were  one  of  the  most 
abundant  fishes  of  the  nearshore  zone  of  Wilson  Arm  and  inner 
Boca  de  Quadra  (VTN  1983b,  Table  4.3-1).  Sandlance  are 
distributed  in  patches  of  great  abundance.  Spawning  is  estimated 
to  occur  from  February  through  May  based  on  catches  of  larval 
fish  (Envirosphere  1984,  Figure  3-18).  Spawning  probably  occurs 
in  areas  of  strong  currents  and  at  depths  of  25-100  m (82-330  ft) 
(Rogers  et  al.  1980,  p.  14).  Eggs  are  demersal  and  deposited  in 
clusters.  Newly  hatched  larvae  remain  buried  in  sand  until  the 
yolk  sac  is  absorbed.  At  that  time,  larvae  become  planktonic 
until  metamorphosis  to  the  juvenile  stage. 

Sandlance  feed  mainly  on  calanoid  copepods,  euphausiids,  and 
larvaceans  (VTN  1982f,  Tables  3-4  and  3-5).  Sandlance  are  an 
important  food  item  for  fishes,  seals,  sea  lions,  and  birds  in 
Boca  de  Quadra  and  Smeaton  Bay. 
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Other  Forage  Fishes.  Other  important  forage  fishes  include 
smelt  (Osmeridae),  prickl ebacks  (Stichaeidae) , and  eelpouts 
(Zoarcidae).  Abundance  of  these  forage  fish  varied  with  year  and 
location  of  sampling.  Smelt  were  not  abundant  in  Boca  de  Quadra 
during  3 years  of  sampling,  but  they  were  abundant  in  the  limited 
sampling  of  epi-  and  mesopelagic  waters  of  Smeaton  Bay  in  1982 
(Envirosphere  1984,  p.  3-75).  Eelpouts  were  abundant  during 
1 year  of  sampling  in  Boca  de  Quadra  and  were  the  second  most 
abundant  fish  in  Wilson  Arm;  relatively  few  eelpouts  were 
captured  in  Smeaton  Bay.  Pricklebacks  were  abundant  throughout 
Boca  de  Quadra,  but  abundance  of  pricklebacks  was  low  in  Wilson 
Arm  relative  to  Smeaton  Bay.  Within  Boca  de  Quadra,  forage  fish 
were  more  abundant  in  the  inner  basin  than  in  the  middle  basin. 

Pelagic  Fishes 

Pacific  Salmon  ( Qncorhynchus  spp.).  All  five  species  of 
salmon  (pink  [13.  aorbuscha]  . chum  [£).  keta]  . coho  [Q).  kisutchl  , 
Chinook  [Q.  tshawytschal . and  sockeye  salmon  [Q.  nerkal ) are 
abundant  in  Boca  de  Quadra  and  Smeaton  Bay.  River  dwelling 
salmon  (coho,  Chinook,  pink,  and  chum)  inhabit  streams  throughout 
both  fjords,  whereas  sockeye  salmon,  which  rear  in  lakes,  are 
found  primarily  in  the  Hugh  Smith  Lake  and  Bakewell  Lake  Systems. 
ADFG  is  embarking  on  a 5-year  salmon  enhancement  program  and  will 
stock  the  Bakewell  Lake  System  with  600,000-700,000  sockeye  fry 
per  year  (Novak  pers.  comm.). 

Tributaries  entering  Wilson  Arm  support  the  largest  number 
of  salmon  entering  the  two  fjords.  An  average  return  (catch  and 
escapement)  of  salmon  to  Wilson  Arm  is  1.4  million  salmon 
(Table  C-2).  Pink  salmon  is  the  most  abundant  species  and 
comprises  approximately  97  percent  of  the  return.  Tributaries 
entering  the  inner  basin  of  Boca  de  Quadra  support  the  second 
largest  population  of  salmon.  Average  return  of  salmon  to  the 
inner  basin  is  approximately  0.4  million  salmon,  of  which  pink 
salmon  comprise  83  percent.  Next  in  abundance  to  pink  salmon  in 
each  fjord  are  chum,  sockeye,  coho,  and  Chinook  salmon,  in 
decreasing  order. 

A number  of  streams  other  than  those  listed  in  Table  C-2 
support  salmonids.  For  example.  Humpback  Creek  (which  drains 
into  Mink  Bay)  contains  one  of  the  largest  runs  of  large-size 
steelhead  trout  in  the  Ketchikan  area  (Doherty  pers.  comm.).  The 
Hugh  Smith  Lake  system  (which  drains  into  the  middle  of  Boca  de 
Quadra  basin)  supports  sizable  runs  of  salmon,  steelhead,  searun 
cutthroat  trout,  and  searun  Dolly  Varden  char.  The  Bakewell  Lake 
system  also  contains  sizable  salmonid  populations. 

Mature  chum  salmon  are  the  first  species  to  return  to  the 
two  fjords.  The  peak  escapement  of  spawning  chum  occurs  in  mid- 
July/early  August  and  is  followed  by  an  additional  but  smaller 
escapement  peak  in  the  Keta  and  Blossom  Rivers  during  September 
( VTN  1982b,  p.  2;  VTN  1983c,  p.  2).  Next  to  enter  spawning 
habitats  are  sockeye  salmon  in  early  August,  pink  salmon 
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throughout  August,  Chinook  salmon  in  late  August,  and  coho  salmon 
in  mid-October/early  November. 

The  life  history  of  salmon  species  is  outlined  in  Table  C-3. 
Peak  outmigration  of  pink  and  chum  salmon  in  both  fjords  occurs 
from  mid-April  to  mid-May  (VTN  1982b,  p.  2).  A distinct  peak 
outmigration  period  has  not  been  observed  for  Chinook,  coho,  and 
sockeye  salmon.  Important  rearing  habitats  include  the  estuaries 
at  the  head  of  the  fjords  and  the  shoreline  areas.  Estimated 
residence  time  in  the  fjords  is  3-5  weeks  for  juvenile  pink 
salmon  and  6 weeks  for  chum  salmon.  Chinook,  coho,  and  sockeye 
salmon  are  present  from  late  April  through  August  and  possibly 
later. 

Feeding  habits  of  juvenile  pink  and  chum  salmon,  which  rear 
in  the  fjords  for  a longer  time  than  other  salmon,  vary  with 
prey  availability.  Harpacticoid  copepods  were  most  important  in 
late  March  and  April  (VTN  1982b,  p.  3).  Calanoid  copepods  were 
important  in  April.  Chironomids  and  plecopterans  were  important 
to  chum  salmon  in  June. 

Demersal/ Semi-Demersal  Fishes 

Kail  by  e_.  Poil.QC.k-_(.T.he  r.ag.r  a..  Chal  c.Q.g.E.aromal.  Pollock  ranges 
from  central  California  through  the  Bering  Sea  (Hart  1973, 
p.  229)  and  is  a dominant  demersal  fish  of  the  continental  shelf 
and  upper  slope  of  the  Gulf  of  Alaska  (Morris  et  al.  1983, 
p.  93).  Pollock  frequently  form  large  schools  at  depths  of 
100-400  m (330-1,320  ft)  along  the  outer  continental  shelf  and 
slope  and  in  the  deepwater  straits  and  embayments  of  southeastern 
Alaska. 

In  Boca  de  Quadra  and  Smeaton  Bay,  pollock  is  one  of  the 
most  abundant  demersal  fishes.  Pollock  are  especially  abundant 
in  the  inner  basin  of  Boca  de  Quadra  and  Bakewell  Arm 
(Envirospher e 1984,  p.  3-72).  Small  pollock  (<360  mm)  were  most 
abundant  in  the  nearshore  zone  in  1982  but  not  in  1981. 
Distribution  of  larvae  and  length  data  for  adults  indicate 
pollock  spawn  primarily  outside  the  fjord  (VTN  1983b,  p.  117). 

Pollock  are  opportunistic  consumers  of  both  benthic  and 
pelagic  organisms  such  as  large  amphipods  and  shrimps, 
euphausiids,  smelt,  and  other  small  fish  (Morris  et  al.  1983, 
p.  95).  Pollock,  in  turn,  are  important  prey  for  other  fishes, 
birds,  and  marine  mammals. 

£lathead-Sol.e_(iilppQglossoides  elassodon) . Flathead  sole 
ranges  from  northern  California  to  the  Bering  Sea  (Hart  1973, 
p.  612)  and  is  one  of  the  most  abundant  fishes  in  the  Gulf  of 
Alaska  (Ronholt  et  al.  1978,  p.  912;  Hitz  and  Rathjen  1965, 
p.  13).  Greatest  concentrations  occur  in  the  western  and 
northeastern  part  of  the  Gulf  and  the  inside  waters  of 
southeastern  Alaska. 
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Table  C-3 . General  Life  History  Data  for  the  Five  Species  of  Alaskan 
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In  Boca  de  Quadra  and  Smeaton  Bay,  f 1 at  head  sole  are  the 
most  abundant  flatfish.  They  are  abundant  in  both  shallow  and 
deepwater  areas  (VTN  1983b,  p.  111).  Catches  of  numerous 
flathead  sole  larvae  indicate  spawning  in  the  fjord  during  March 
and  April.  Important  nursery/ rearing  areas  include  the  shallow 
head  of  the  fjords  and  side  arms.  Food  items  include 
crustaceans,  clams,  and  worms  (Hart  1973,  p.  613). 

.English.  Sole  (Parophrys  v etui  us).  English  sole  ranges  from 
Baja  California  to  Unimak  Island,  Alaska,  at  depths  less  than 
550  m (1,810  ft)  (Hart  1973,  p.  630).  Greatest  concentrations 
occur  in  waters  less  than  130  m (430  ft).  Hitz  and  Rath j en 
(1965,  p.  13)  reported  that  English  sole  were  the  sixth  most 
abundant  fish  in  the  Gulf  of  Alaska  at  depths  less  than  50  m 
(160  ft) . 

English  sole  larvae,  juveniles,  and  adults  were  abundant 
relative  to  other  flatfish  species  in  both  fjords  (VTN  1983b, 
p.  116).  Larval  abundance  and  distribution  indicates  English 
sole  spawn  in  the  fjords  from  January  through  March.  Important 
nursery/ rearing  grounds  are  located  at  the  head  of  the  fjords  and 
in  the  side  arms.  English  sole  were  most  abundant  during  March. 
They  apparently  move  to  deeper  waters  during  winter  (Hart  1973, 
p.  630).  Food  of  this  small-mouthed  flounder  consists  mainly  of 
clams  and  clam  siphons,  other  small  molluscs,  polychaetes,  small 
crabs  and  shrimps,  and  brittle  stars. 

Slender  Sole  (Lyopsetta  exilis).  Slender  sole  ranges  from 
Baja  California  to  southeastern  Alaska  at  shallow  to  moderate 
depths  (<510  m [1,6  80  ft])  (Hart  1973  , p.  626).  It  was  not  found 
to  be  abundant  in  the  Gulf  of  Alaska  by  Ronholt  et  al.  (1978, 
pt  912)  and  Hitz  and  Rath  j en  (1965,  p.  13). 

Slender  sole  was  among  the  three  most  abundant  flatfish 
species  in  Boca  de  Quadra  and  Smeaton  Bay  (VTN  1983b,  p.  114). 
Greatest  concentrations  of  sole  occurred  in  shallow  areas  such  as 
the  inner  basin  of  Boca  de  Quadra,  Wilson  Arm,  and  Bakewell  Arm. 
Relatively  few  sole  larvae  were  encountered.  In  Puget  Sound, 
sole  spawn  in  April  (Hart  1973,  p.  626).  Little  other  life 
history  information  is  available. 

Rockfish  (Sebastes  spp.) . Rockfish  are  an  abundant  species 
group  found  throughout  the  North  Pacific.  Greatest 
concentrations  concentrations  in  the  Gulf  of  Alaska  occur  along 
the  continental  shelf  edge  and  along  the  upper  slope  (300-500  m 
[980-1,640  ft])  (Morris  et  al.  1983,  p.  122),  although  they  are 
frequently  encountered  in  shallow  waters. 

In  both  fjords,  rockfish  larvae  were  the  third  most  abundant 
fish  larvae  (Envirosphere  1984,  p.  3-73).  Rockfish  bear  live 
young,  and  it  is  likely  that  young  are  born  in  the  fjords.  Few 
juveniles  and  adults  were  captured  because  the  sampling  design 
was  not  directed  to  capture  rockfish.  Dark-blotched  rockfish  (E. 
crameri)  was  the  most  abundant  of  the  juvenile  rockfish;  most 
adult  rockfish  were  quil  1 back  rockfish  (.£.  maliaer)  andyelloweye 
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rockfish  (£.  . Food  of  rockfish  includes  shrimp, 

other  crustaceans,  and  fishes. 


. 
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Appendix  D 


MARINE  MAMMAL  RESOURCES 


Introduction 


Marine  mammal  species  expected  at  least  seasonally  in  the 
vicinity  of  Boca  de  Quadra  and  Smeaton  Bay  include  five  whale 
species,  four  porpoise  and  dolphin  species,  two  seal  species,  and 
the  sea  lion.  Only  a few  of  these  species  have  actually  been 
observed  in  Boca  de  Quadra  and  Smeaton  Bay.  It  should  not  be 
assumed,  however,  that  a species  does  not  use  the  area  just 
because  it  has  not  been  observed;  most  marine  mammal  species  are 
highly  migratory  and  observation  periods  have  been  brief.  Mammal 
information  is  poorly  documented  in  the  project  area.  Any 
species  known  to  occur  in  the  vicinity  of  Revillagigedo  Channel 
or  Behm  Canal  could  potentially  enter  either  Boca  de  Quadra  or 
Smeaton  Bay.  For  this  reason,  a number  of  species  known  to  occur 
in  the  vicinity  are  described  even  if  they  have  not  been  directly 
observed  in  Boca  de  Quadra  or  Smeaton  Bay. 

All  marine  mammals  are  protected  to  some  extent  by  various 
legal  mechanisms.  The  Marine  Mammal  Protection  Act  of  1972 
addresses  management  of  all  marine  mammals  and  protects  or 
restricts  their  harvest.  In  addition,  the  gray,  humpback,  and 
sei  whale  are  protected  and  managed  under  the  Endangered  Species 
Act  of  1973. 


Description  of  Resource 


Seals  and  Sea  Lions 

Two  seal  and  one  sea  lion  species  may  occur  in  the  project 
vicinity:  harbor  seal,  northern  elephant  seal,  and  Steller  sea 

lion. 

jjaxkpjL. Seal.  The  harbor  seal  (pjipga  Vitalina  richardii) 
ranges  from  the  Bering  Sea  southward  to  Baja  California.  About 
750,000  individuals  exist  in  the  North  Pacific.  The  harbor  seal 
tends  to  frequent  nearshore  waters  and  haul  out  on  sandy  beaches 
or  on  offshore  islands  and  rocks.  They  have  been  shown  to  move 
considerable  distance  between  haulouts  (Pitcher  and  McAllister 
1981,  p.  292).  Breeding  occurs  in  late  June  to  late  July,  with 
pupping/weaning  occurring  from  mid-May  to  mid-July  (DOI  1981, 
Graphic  11). 
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Seal  haul  outs  in  the  vicinity  of  the  project  were  noted 
approximately  150  m (0.25  mi)  from  the  Keta  River,  in  several 
areas  of  the  middle  basin,  near  the  head  of  Wilson  Arm,  and  near 
the  junction  of  Blakewell  and  Wilson  Arms  near  Smeaton  Bay  (VTN 
1982g,  p.  8;  Rescan  Environmental  Services  1984,  p.  73).  The 
number  of  seals  using  these  haulouts  was  small.  The  bimonthly 
surveys  (1981)  were  brief,  but  the  greatest  number  of  seals  (16) 
was  noted  in  August  in  the  Keta  River  estuary  (VTN  1981a,  p.  49). 
Seals  pup  all  along  the  shoreline  and  can  be  found  on  ice  in  the 
winter.  Seals  are  present  year-round  in  the  project  area  (Wood 
per  s.  comm. ) . 

Harbor  seal  diet  varies  with  location,  but  fish  and 
cephalopods  are  generally  preferred.  Octopus,  capelin,  walleye 
pollock,  flatfish,  and  sandl ance  are  all  common  food  in  the 
Kodiak  area  (DOI  1981,  Graphic  11),  and  it  is  likely  they  are 
important  in  the  project  area  as  well. 

Northern  Elephant  Seal.  The  northern  elephant  seal 
(Mirounaa  anaustirostris)  population  has  made  a rapid  comeback 
from  approximately  100  individuals  in  1900  to  an  estimated  50,000 
in  the  1970's  (DeLong  1978,  p.  207).  Rookery  and  breeding  areas 
are  located  off  the  coast  of  California  and  Baja  California,  but 
the  nonbreeding  distribution  extends  northward  from  California  to 
the  Gulf  of  Alaska.  Elephant  seals  would  be  expected  in  Alaskan 
waters  from  April  through  June. 

Elephant  seals  are  deep  divers  and  may  feed  well  offshore, 
commonly  descending  to  a depth  of  at  least  180  m (600  ft).  They 
feed  on  deepwater  fish,  bottomfish,  and  squid. 

Steller  Sea  Lion.  The  Steller  sea  lion  (Eumetopias  jubat.us) 
has  a worldwide  population  of  about  250,000  (Gentry  and  Withrow 
1978,  p.  16  8).  Although  its  range  extends  from  southern 
California  to  the  Bering  Strait,  the  major  concentrations  are 
found  in  the  Gulf  of  Alaska  and  the  Aleutian  and  Pribilof 
Islands.  Their  distribution  includes  the  project  vicinity,  and 
they  have  been  noted  in  the  mouth  of  Boca  de  Quadra  (Wood  pers. 
comm . ) . 

Breeding  occurs  from  late  May  to  early  July.  Sea  lions  have 
well-defined  breeding  and  pupping  areas,  although  extensive 
movement  of  large  population  segments  between  rookeries  has  been 
observed.  For  example,  Puale  Bay,  Alaska,  which  normally  has 
1,000-3,000  individuals,  was  censused  at  20,000  individuals  in 
1977  (DOI  1981,  Graphic  11).  Some  migration  also  occurs,  but 
individual  patterns  are  not  well  understood. 

Sea  lions  are  surface  and  mid-water  feeders  (Fiscus  et  al. 
1976,  p.  41).  Primary  prey  include  fish  (pollock,  capelin, 
Pacific  cod) , crustaceans,  and  cephalopods. 


Porpoise  and  Dolphins 


Four  species  of  porpoise  and  dolphin  potentially  occur  in 
the  study  area  vicinity:  harbor  and  Dali  porpoise  (Phocoena 

phocoena  and  Phocoenoides  dal  1 i) . the  Pacific  white-sided  dolphin 
(Laoenorhynchus  obliguidens) . and  the  pilot  whale  (Globicephala 
macrorhynchus) . The  pilot  whale  is  generally  classified  in  the 
same  family  with  porpoises  and  dolphins.  VTN  (1982g,  p.  14) 
reported  porpoise  in  the  Revil  1 agigedo  Channel,  but  the  species 
was  not  identified. 

Pall  Porpoise.  The  Dali  porpoise  range  extends  from 
southern  California  to  the  Bering  Sea.  Three  separate  stocks 
have  been  postulated  (Leatherwood  and  Reeves  197  8,  p.  107). 
Although  no  population  estimates  for  the  northern  Pacific  have 
been  made,  approximately  2,000  are  found  in  the  Gulf  of  Alaska 
(DO I 1981,  Graphic  11).  Dali  porpoises  are  often  found  together 
with  harbor  porpoises  in  the  deep  fjords  along  the  southern 
Alaska  coast,  although  they  also  range  far  offshore.  They  have 
been  noted  in  both  Boca  de  Quadra  and  Smeaton  Bay  (Wood  pers. 
comm.).  Little  is  known  about  their  reproductive  habits,  but 
they  appear  to  breed  and  give  birth  throughout  the  range.  This 
species  depends  to  some  extent  on  organisms  of  the  deep 
scattering  layer  for  food,  feeding  nocturnally  on  squid,  pelagic 
and  deepwater  hake,  and  lanternfish. 

Harbor  Porpoise.  In  contrast  to  the  Dali  porpoise,  the 
harbor  porpoise  (Phocoena  phocoena)  frequents  primarily  sheltered 
bays,  river  mouths,  and  other  inshore  areas  and  would  be  found 
primarily  in  waters  shallower  than  18  m (60  ft)  (Leatherwood  and 
Reeves  1978,  p.  102).  As  the  harbor  porpoise  is  very  timid,  it 
is  rarely  sighted  even  in  areas  where  it  is  fairly  common 
(Leatherwood  and  Reeves  197  8,  p.  101). 

The  highest  winter  concentration  of  harbor  porpoise  in  the 
Pacific  probably  occurs  in  Prince  William  Sound.  Hall  (1979  in 
Morris  et  al.  1983,  p.  181)  estimates  winter  and  summer 
concentrations  of  590  and  946,  respectively,  for  this  area.  The 
Gulf  of  Alaska  population  numbers  approximately  1,000. 

Population  concentrations  shift  in  response  to  prey,  but  there 
appear  to  be  no  obvious  migrations  (Leatherwood  and  Reeves  1978, 
p.  102).  The  Alaskan  population  moves  to  inshore  areas  in  spring 
(Hooks,  McCloskey  and  Associates  1982,  p.  138)  and  more  likely 
would  be  found  in  the  project  area  at  that  time. 

Prey  species  include  bottom  fish  (cod,  flounder),  herring 
fry  and  invertebrates  (squid,  clams,  and  crustaceans).  A large 
herring  spawning  area  is  located  at  the  mouth  of  Boca  de  Quadra, 
and  this  may  be  an  attraction  for  harbor  porpoise. 

Pacific  White-Sided  Dolphin.  The  Pacific  white-sided 
dolphin  ranges  from  Baja  California  to  the  Aleutians.  It  is 
considered  most  abundant  in  the  Gulf  of  Alaska  during  spring  and 
summer  but  is  occasionally  present  in  fall  and  winter. 
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Migrations  are  poorly  documented,  although  there  appear  to  be 
seasonal  movements  northward  and  possibly  offshore  in  summer. 

The  largest  number  of  sightings  has  occurred  beyond  the  200  m 
(660  ft)  isobath.  They  inhabit  the  coastal  heads  of  deep  canyons 
and  range  seaward  at  least  to  the  edge  of  the  continental  shelf 
(Leatherwood  and  Reeves  197  8,  p.  103),  although  they  may 
sometimes  come  quite  close  to  shore.  An  opportunistic  feeder,  it 
is  known  to  feed  on  a variety  of  fish  and  squid. 

Short-Finned  Pilot  Whale.  The  short-finned  pilot  whale 
range  generally  includes  both  tropical  and  temperate  waters 
(Reilly  1978).  Along  the  Pacific  coast  they  are  most  abundant 
south  of  Point  Conception,  California.  Their  distribution 
extends  northward  to  the  Gulf  of  Alaska,  and  they  may  be  expected 
in  the  project  vicinity.  They  travel  and  hunt  in  highly 
organized  pods,  although  feeding  groups  are  more  loosely 
organized.  Pods  may  vary  from  a few  to  more  than  300 
individuals,  and  strong  bonds  between  individuals  are  well 
documented. 

Life  history  is  not  well  known,  although  births  appear  to 
peak  in  August,  and  the  gestation/nursing  cycle  lasts  an  average 
of  40  months.  There  is  some  evidence  that  pilot  whales  are 
relatively  more  abundant  inshore  during  the  winter.  Their 
preferred  food  is  squid,  and  their  location  tends  to  correspond 
to  areas  where  squid  are  abundant.  They  are  known  to  take  fish 
if  9quid  are  not  available. 

.Whal&s 

At  least  five  whale  species  are  found  in  the  waters  in  or 
near  the  Revillagigedo  Channel.  Several  others  are  offshore 
species  that  would  not  be  expected  in  Boca  de  Quadra.  The 
blue  whale  (Balaenoptera  musculus) . right  whale  (Balaena 
glacialis) , sperm  whale  (Physeter  macrocephalus) , and  giant 
bottlenose  whale  (Berardius  bairdii)  are  species  infrequently 
sighted  or  found  primarily  offshore.  They  would  not  be  expected 
in  Boca  de  Quadra  and  are  not  discussed  further.  The  Bering  Sea 
beaked  whale  (Mesoplodon  steinegeri)  is  also  only  infrequently 
observed,  but  a stranding  off  the  coast  near  Sitka  (Rice  1978) 
indicates  they  are  at  least  occasionally  present  along  the 
southeastern  Alaska  coastline. 

Killer  Whale.  The  killer  whale  (Orcinus  orca)  is  considered 
by  many  to  be  the  most  widely  distributed  marine  mammal. 

Extensive  migrations  are  indicated  but  not  well  understood  (Frost 
and  Lowry  1981,  p.  829).  Their  presence  is  probably  related  to 
prey  distribution  and  density  (Braham  et  al.  1982,  p.  59). 

Killer  whales  prefer  shallow  areas  of  the  continental  shelf  and 
are  considered  surface  feeders  (Fiscus  et  al.  1976,  p.  41).  They 
are  the  most  commonly  observed  whale  species  in  Boca  de  Quadra 
and  have  been  obser v ed  in  both  the  inner  and  middl  e basi ns  in 
spring  and  summer  (Rescan  Environmental  Services  1984,  p.  73). 
Adults  and  juveniles  have  also  been  observed  in  Smeaton  Bay, 
approximately  1 km  (0.6  mi)  from  Behm  Canal.  Prey  species 
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include  squid,  fish,  marine  mammals  (dolphins,  seals,  porpoises), 
and  even  seabirds  (Nishiwaki  1967,  p.  40). 


Gray  Whale.  The  gray  whale  (Eschrichtius  robustus)  occurs 
only  as  two  geographically  isolated  stocks  in  the  North  Pacific 
and  adjacent  Arctic  Ocean.  It  ranges  from  the  western  Beaufort 
Sea  southward  to  Mexico  (Hooks,  McCloskey  and  Associates  1982, 
p.  150).  Population  estimates  vary  from  13,6  00-17,000 
individuals,  and  it  appears  that  populations  may  be  reaching  pre- 
exploitation numbers  (Cowles  undated,  p.  14). 

Gray  whales  usually  travel  within  a few  kilometers  of  shore 
(Rice  and  Wolman  1971,  p.  127).  They  are  bottom  feeders,  and 
like  other  baleens,  complete  most  of  their  feeding  in  summer, 
storing  the  excess  as  blubber.  They  have  been  noted  to  consume 
over  150  tons  of  prey  and  gain  29  percent  of  their  weight  during 
a 4-month  feeding  period  (Cowles  undated,  p.  14).  Little  feeding 
is  thought  to  occur  during  migration.  Amphipods  are  the  favorite 
food,  although  other  prey  may  include  benthic  worms,  molluscs, 
and  schooling  fish  (DOI  1981,  Graphic  12).  Most  of  the 
population  feeds  in  the  northern  and  western  Bering  Sea  during 
summer.  Feeding  locations  are  generally  restricted  to  coincide 
with  areas  of  high  amphipod  density,  and  the  area  north  of  St. 
Lawrence  Island  is  probably  a major  feeding  ground  (Cowles 
undated,  p.  15).  Recent  evidence  indicates,  however,  that 
subsidiary  populations  may  have  shorter  migrations  and  feed  at 
scattered  subarctic  locations.  Although  the  extent  to  which  they 
might  feed  in  the  vicinity  of  the  project  is  unknown,  presence 
offshore  of  the  study  area  would  likely  be  limited  to  migration. 

Humpback  Whale.  The  North  Pacific  humpback  whale  (Meaaptera 
novaeanol iae)  population  has  been  reduced  from  prewhaling 
estimates  of  several  thousand  to  an  estimated  850-1,400 
individuals  (Braham  et  al.  1982,  p.  58;  Fiscus  et  al.  1976, 
p.  41).  With  an  estimated  worldwide  population  of  approximately 
6,000  (Wolman  1978,  p.  53),  the  humpback  is  the  second  rarest  of 
the  cosmopolitan  whale  species.  Three  reproductively-isolated 
stocks  exist,  and  all  three  populations  are  now  increasing.  The 
Gulf  of  Alaska  and  southeastern  Bering  Sea  are  the  two  Alaskan 
centers  of  concentration  (DOI  1982,  pp.  111-132).  These  are 
frequented  from  April  through  December  (Fiscus  et  al.  1976, 
p.  2 9).  The  Bering  Sea,  Gulf  of  Alaska,  and  area  south  to 
California  are  used  as  summer  feeding  range.  An  unconfirmed 
humpback  sighting  was  made  in  Boca  de  Quadra  near  Mink  Bay  by  VTN 
(1982g).  Nine  other  sightings  were  made  in  1977  and  1978  in  the 
general  vicinity  of  the  project  (VTN  1982g). 

Like  most  other  baleens,  the  humpback  feeds  only  in  summer, 
living  off  its  blubber  during  migration  and  breeding  periods. 

The  humpback  is  considered  a coastal  species  and  a surface  feeder 
(Fiscus  et  al.  1976,  p.  41).  Prey  species  include  euphausiids 
and  small  fishes  such  as  herring  and  cod  (DOI  1981,  Graphic  12). 
As  the  mouth  of  Boca  de  Quadra  is  a major  herring  spawning  area, 
they  may  possibly  be  attracted  to  this  area. 
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Minke  Whale.  The  minke  whale  (Balaenoptera  acutorostrata) 
is  the  smallest  baleen  whale  in  the  Northern  Hemisphere.  It  is 
relatively  common,  and  Frost  and  Lowry  (1981,  p.  828)  estimate 
worldwide  population  at  350,000.  It  occurs  widely  in  the  North 
Pacific  during  summer,  but  winter  sightings  have  been  made 
farther  south,  mainly  between  20  and  25°  N Latitude  (Mitchell 
1978,  p.  40).  Although  no  sightings  of  minke  whales  have  been 
made  in  Smeaton  Bay  or  Boca  de  Quadra,  this  area  is  within  its 
range.  Minke  whales  feed  primarily  on  euphausiids  and  small 
fish,  such  as  anchovy  and  sandlance.  They  tend  to  concentrate  in 
areas  of  abundant  food  and  would  be  expected  near  Boca  de  Quadra, 
a major  herring  spawning  area.  Breeding  peaks  in  January  and 
June,  with  calving  peaks  in  December  and  June. 

Sei  Whale.  The  North  Pacific  sei  whale  (Balenoptera 
borealis)  population  has  been  reduced  from  an  estimated  40, GOO- 
42, 000  to  approximately  8,600  (Fiscus  et  al.  1976,  p.  41).  Three 
populations  (east,  west,  and  central)  have  been  identified,  with 
the  eastern  population  observed  to  migrate  from  California  in 
winter  to  off  the  Canadian  coast  in  summer.  The  largest  known 
Alaskan  concentration  occurs  just  east  of  Portlock  Bank  in  summer 
(Fiscus  et  al.  1976,  p.  27).  Sei  whales  are  mainly  surface 
feeders.  Principal  prey  species  have  been  known  to  include 
copepods,  euphausiids,  and  fish. 
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Appendix  E 


MARINE  AND  COASTAL  BIRD  RESOURCES 


Description  of  Resources 


.Regional  Resources 

Over  200  species  of  birds  are  known  to  occur  along  the  Gulf 
of  Alaska  coast  from  Prince  William  Sound  to  Cape  Fairweather 
(Gusey  1978,  p.  26;  DOI  1980,  Graphic  6).  Approximately  100 
species  of  these  marine  and  coastal  birds  occur  regularly  in  the 
Gulf  of  Alaska  region  including:  39  seabird  species;  35  loon, 

grebe,  and  waterfowl  species;  and  28  shorebird  species  (Sowls  et 
al.  1978).  Although  seasonal  status  of  some  species  may  differ, 
loons,  grebes,  cormorants,  some  sea  ducks,  eagles,  gulls,  and 
some  alcids  are  year-round  residents  of  the  region.  Diving 
ducks,  some  sea  ducks,  and  one  alcid  species  are  chiefly  winter 
residents.  Fulmar,  shearwaters,  storm  petrels,  some  species  of 
geese,  dabbling  ducks,  terns,  and  some  shorebirds  and  alcids  are 
summer  residents.  Substantial  numbers  of  nonbreeding  diving 
ducks  also  occur  in  summer.  Most  species  of  geese  and  shorebirds 
migrate  through  to  other  nesting  areas. 

The  most  abundant  breeding  seabirds  are  Leach's  and  fork- 
tailed storm  petrels,  glaucous-winged  gull,  black  legged 
kittiwake,  common  murre,  horned  puffin,  and  tufted  puffin.  Among 
waterfowl  and  shorebird  species,  pintail,  oldsquaw,  white-winged 
scoter,  dunlin,  and  western  sandpiper  are  the  most  abundant  in 
the  region.  Although  more  than  3 million  seabirds  nest  in  the 
Gulf  of  Alaska  coastal  region,  they  are  outnumbered  by  the  influx 
of  nonbreeding  southern-hemisphere  shearwaters  which  spend  the 
summer  foraging  in  Alaskan  coastal  waters. 

Habitats 

Coastal  habitats  used  by  aquatic  birds  are  diverse  in 
southeast  Alaska.  Seasonal  use  and  aquatic  habitat  type  varies 
with  species.  Approximately  87  species  use  inshore  waters 
(within  5-6  km  of  shore  and  all  outer  coastal  points  and 
islands),  and  177  species  inhabit  sandy  beaches,  mud  flats,  rocky 
shores,  and  reefs  of  the  intertidal  zone  (Isleib  and  Kessel 
1973).  The  coastal  zone  stretching  landward  of  high  tide 
(including  river  deltas  and  marshes)  is  used  by  many  marine  and 
coastal  species  for  nesting,  foraging,  and  wintering. 

Principal  summer  inhabitants  of  rocky  coastlines  include 
cormorants  and  some  gulls  and  alcids.  Beaches  are  used  by 
shorebirds  (especially  in  migration)  and  gulls;  tidal  flats, 
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river  deltas,  and  marshes  are  used  by  waterfowl,  shorebirds,  and 
gulls.  Most  species  (excluding  shorebirds)  forage  in  nearshore 
and/or  inshore  waters  adjacent  to  a variety  of  habitats.  In 
winter,  nearshore  (including  bay  and  inlet)  waters  are  occupied 
by  loons,  grebes,  waterfowl,  gulls,  and  alcids.  Inshore  waters 
are  used  by  some  eiders,  gulls,  and  alcids. 

Sowls  et  al.  (1978)  have  identified  74  seabird  colonies  with 
populations  totaling  about  1.68  million  birds  in  the  southeastern 
Alaska  subregion,  which  extends  from  Cross  Sound  to  the  Canadian 
border.  The  largest  concentrations  occur  on  Forrester  Island  and 
St.  Lazaria  Island,  units  of  the  Alaska  Maritime  National 
Wildlife  Refuge,  where  about  1.1  million  and  1 million  birds 
nest,  respectively.  These  areas  are  on  the  outer  coast  southwest 
and  northwest  of  Ketchikan  and  considerable  distance  from  Boca  de 
Quadra  and  Smeaton  Bay.  The  nearest  seabird  colonies  (gulls, 
murres,  and  cormorants)  are  found  west  of  Prince  of  Wales  Island 
(Figure  1-1).  No  seabird  colonies  have  been  identified  in  the 
Boca  de  Quadra  and  Smeaton  Bay  region. 

Great  numbers  of  seabirds,  shorebirds,  and  waterfowl  migrate 
along  the  coast  to  and  from  breeding  and  summering  ranges  in  the 
Gulf  of  Alaska,  interior  Alaska,  or  Arctic  tundra  (Bellrose  1976; 
Arneson  1980;  DOI  1984).  Seabird  migration  routes  generally 
follow  the  outer  coast.  Shorebirds  use  more  nearshore  migration 
routes,  but  many  fly  enormous  nonstop  distances  to  staging  areas 
north  of  southeast  Alaska.  Shorebirds  are  known  to  fly  at  least 
1,500  km  (900  mi)  nonstop  to  critical  staging  areas  at  Controller 
Bay,  the  Copper  River  delta,  and  Orca  Inlet  (DOI  1984;  Arneson  1980). 
Waterfowl  use  a mixture  of  coastal  and  nearshore  migration  routes 
which  include  much  of  southeast  Alaska  (Bellrose  1976).  The 
largest  breeding  concentrations  are  further  north,  mainly  in 
tundra  zones.  Although  any  number  of  waterfowl  may  breed  in 
southeast  Alaska,  Bellrose  (1976)  identified  significant  breeding 
areas  for  hooded,  red-breasted,  and  common  mergansers  only. 

Southeast  Alaska  provides  important  overwintering  habitat 
for  seabirds  and  waterfowl.  Many  seabirds  (especially  gulls  and 
alcids)  that  breed  or  summer  along  the  coast  or  offshore  waters 
move  inshore  during  winter  (DOI  1984).  Bellrose  (1976) 
identified  18  species  of  waterfowl  overwintering  in  southeast 
Alaska  (Table  E-l).  One  major  known  waterfowl/seabird 
overwintering  area  is  found  near  Wrangell,  Alaska,  approximately 
160  km  (100  mi)  north  of  Ketchikan.  Large  numbers  of 
overwintering  greater  scaup  and  common  goldeneye  are  found  near 
Ketchikan  (Bellrose  1976). 

-Marine,  and  Coastal  Birds  of  Boca  de  Quadra  and  Smeaton  Bay 

Field  studies  of  the  Boca  de  Quadra  and  Smeaton  Bay  area 
were  conducted  during  1980-82  by  VTN.  Much  of  the  field  survey 
effort  focused  on  estuaries  of  the  Wilson,  Bakewell  and  Keta 
Rivers  with  less  emphasis  placed  on  the  open  water  or  rocky  shore 
habitat  of  Boca  de  Quadra  and  Smeaton  Bay  (VTN  1982h,  p.  32). 
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Table  E-l.  Waterfowl  Use  in  Southeast  Alaska  (Icy  Bay  to  Prince  Rupert 
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The  most  intensive  bird  surveys  of  the  area  were  conducted  for 
bald  eagle  nesting. 

The  results  of  bird  sightings  made  by  VTN  during  1980-82 
field  studies  and  in  the  three  estuaries  in  Quartz  Hill  area 
during  1982  are  summarized  in  Tables  E-2  and  E-3.  The  waterbirds 
that  used  these  estuaries  and  adjacent  waters  included  six 
families:  loons  (Gaviidae),  grebes  (Podicipedidae) , ducks  and 

geese  (Anatidae),  sandpipers  (Scolopacidae) , gulls  (Laridae),  and 
pelagic  birds  (Alcidae).  Bald  eagles  were  also  consistently 
present  and  often  very  common  in  estuary  areas. 

Loons  and  Grebes.  Field  studies  by  VTN  (1982h)  during  1980- 
82  showed  loons  and  grebes  to  be  seasonally  uncommon  to  absent 
except  during  the  October/ Nov  ember  period  (Table  E-2).  Field 
data  were  not  specific  to  estuary  areas  but  rather  showed 
seasonal  use  for  the  entire  Quartz  Hill  area  (VTN  1982h,  p.  43). 

Ducks.  Geese,  and  Swans.  Waterfowl  were  observed  in  Wilson, 
Bakewell,  and  Keta  estuaries,  with  greatest  numbers  in  February 
and  March  and  lowest  numbers  during  June  and  July. 

More  waterfowl  were  observed  in  Wilson  estuary  than  in  the 
Bakewell  or  Keta  estuaries.  Sightings  of  all  waterfowl  groups, 
with  the  exception  of  bay  ducks,  were  greatest  in  the  Wilson 
estuary  (Table  E-3).  Surface  ducks  (mallard,  green-winged  teal, 
pintail,  and  American  widgeon)  were  also  most  commonly  observed 
in  the  Wilson  estuary,  while  a greater  number  of  bay  ducks 
(goldeneye  and  bufflehead)  used  Bakewell  estuary. 

Sea  ducks  (surf  scoters  and  harlequin  ducks)  were  rarely 
seen  in  the  Quartz  Hill  area.  Sightings  were  primarily  in  the 
Wilson  estuary  and  Bakewell  estuary  (Table  E-3). 

Mergansers  were  observed  throughout  the  field  period  and 
were  equally  common  in  both  the  Wilson  and  Keta  estuaries. 

Trumpeter  swans  were  primarily  observed  in  Wilson  estuary 
and  were  seen  in  the  Bakewell  estuary  only  during  February  and 
March  (Table  E-2)  . 

On  a seasonal  basis,  the  greatest  number  of  Canada  geese 
were  seen  in  the  Wilson  estuary  during  February  and  March. 

During  late  summer  and  autumn  more  Canada  geese  utilized  the  Keta 
estuary. 

The  only  other  observations  of  geese  in  the  Quartz  Hill  area 
were  40  brant  reported  in  February  in  the  upper  area  of  Boca  de 
Quadra  and  30  snow  geese  seen  in  the  Keta  estuary  during  May. 

Sandpipers.  Gulls,  and  Alcids.  No  estuary-specific  numbers 
for  sandpipers  or  alcids  were  available  (Table  E-3).  Sandpipers 
were  never  common  but  were  observed  in  moderate  numbers  in  July 
and  August.  Alcids  were  present  in  spring/early  summer  and  late 
summer/autumn  (August,  October/November)  but  were  never  abundant. 
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Table  E-2.  Marine  and 

Coastal  Birds  Observed  or 

Indicated 

in  the 

Quartz 

Hill  Study 

Area,  1980,  1981,  and  1982 

SPECIES 

1£M 

1981 

1982 

Order:  GAVI I FORMES  - Loons 

tois  sp. 

Unidentified  loon 

ob 

ob 

ob 

Gavia  imme  r 

Common  loon 

1 pr 

ob 

ob 

GfliLifl  aicllca 

Arctic  loon 

ob 

Gavia  st-ellata 

Red-throated  loon 

ob 

Order:  PODI Cl PEDI FORMES  - Grebes 

Podiceps  sp. 

Unidentified  grebe 

ob 

ob 

PedictES  3xlS£S£iia 

Red-necked  grebe 

ob 

ob 

Pcdaceps  auritus 

Horned  grebe 

ob 

Aechmophorus  occidentalis? 

Western  grebe 

ob 

Order:  Cl CON I I FORMES  - 

Herons  and  Allies 

Axdefl  herodias 

Great  blue  heron 

ob 

ob 

ob 

Order:  ANSER I FORMES  - 

Waterfowl 

01  or  col umbianus? 

Whistling  swan 

ob 

01  at  trusicinaLcx 

Trumpeter  swan 

ob? 

ob 

EucaaLa  canadensis 

Canada  goose 

ob 

ob 

ob 

Branta  bernicla 

Brant 

ob 

Chen  caerulescens 

Snow  goose 

ob 

Ana s pi a ty rhynchos 

Mallard 

ob 

ob 

ob 

Anas  acuta 

Pintail 

ob 

ob 

ob 

Anas  crecca 

Green-winged  teal 

1 pr 

ob 

Anas  clypeata 

Northern  shoveler 

ob 

Anas  americana 

American  widgeon 

ob 

ob 

ob 

Aytbya  roariia? 

Greater  scaup 

ob 

1 ob 

Bucephala  sp. 

Unidentified  goldeneye 

1 ob 

ob 

ob 

BilC£Pbala  clanoula 

Common  goldeneye 

ob 

ob 

Bucephala  i slandica 

Barrow's  goldeneye 

ob 

ob 

Bucephala  albeola 

Buf flehead 

ob 

ob 

Histrlonlcus  histr lonicus 

Harlequin  duck 

ob 

ob 

Melanitta  sp. 

Unidentified  scoter 

ob 

ob 

Melanitta  perspicillata 

Surf  scoter 

ob 

ob 

ob 

Mergus  sp. 

Unidentified  merganser 

ob 

ob 

ob 

Mergus  merganser 

Common  merganser 

ob 

ob 

ob 

Mergus  serrator? 

Red-breasted  merganser 

ob 

Loohodytes  cuculletus 

Hooded  merganser 

ob 

Order:  FALCONIFORMES  - 

Hawks  and  Allies 

Haliaeetus  leucoceohalus 

Bald  eagle 

ob 

ob 

ob 

Order:  CHARADRII FORMES 

- Shorebirds  and  Allies 

Trinaa  melanoleucua 

Greater  yellowlegs 

1 pr 

1 ob 

ob 

Tringa  fiavipes 

Lesser  yellowlegs 

1 ob 

ob 

Act it is  macular la 

Spotted  sandpiper 

ob 

ob 

ob 

Phalarontis  lohatns 

Northern  phalarope 

ob 

Llnnodipmus  orlseus?  Short-billed  dowitcher  ob 


Key 

ob  » observed  more  than  once 
pr  « pair 
? - tentative 

1 ■ only  observed  on  one  occasion 
SOURCE:  VTN  1982h. 
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Table  E-3.  Summary  of  Seasonal  Bird  Sightings  by  Species  Group  in  Wilson 
Arm,  Bakewell  Arm,  and  Boca  de  Quadra,  1982 


SPECI ES 
GROUPS 


FEBRUARY 


MARCH 


JUNE 


Wilson3'*  Bake15'11  Ketac 


Wilson*  Bake*  Keta  Wilson*  Bake*  Keta 


Loons? 

Grebes? 

Swans 

Canada  geese 
Surface  ducks 
Bay  ducks 
Sea  ducks 
Mergansers 
Sandpipers? 
Gulls 
Alcids? 


2 

1- 

0— 

22 

13 

0 

7-14 

2 

0 

0 

0 

0 

120-150 

0 

"80 

"100 

"20 

"55 

0 

0 

3 

"120 

"35 

30-40 

"7  5 

"35 

"25 

"25 

0 

-15 

60-95 

"30 

35-45 

55-95 

70 

45-60 

0 

0 

5-10 

0 

0 

0 

5-10 

0 

0 

5-10 

0 

5-10 

"15 

5-10 

25-30 

"20 

"10 

20-40 

"25 

0 

10-15 

"5 

"5 

5-15 

800-1000 

"10 

-20 

"10 

"5 

"5 

0 



10-20 

— . 



-"30- 

SPECIES 

GROUPS 


Loons? 

Grebes? 

Swans 

Canada  geese 
Surface  ducks 
Bay  ducks 
Sea  ducks 
Mergansers 
Sandpipers? 
Gulls 
Alcids? 


JULYd  AUGUST  OCT/NCV 


Wilson* 

Bake* 

Keta 

Wilson* 

Bake* 

Keta 

Wilson* 

Bake* 

Keta 

n — c.  _ 

0 

0 

0 

0 

0 

0 

0 

0e 

0 

0 

0 

0 

10-15 

0 

20-30 

"20 

-60 

"50 

10-15 

0 

0 

45 

20-25 

0 

"7  0 

-60 

"70 

0 

0 

0 

1 

0 

0 

"20 

"115 

25-30 

0 

0 

0 

“25 

"20 

"5 

3 

1 

2 

"30 

0 

"5 

25-30 

0 

-5 

5 

10 

20 

-100 

-10 

—0 

"50 

"200 

20-20 

10-15- 

"225 

50 

15-20 

—45-55 

"100 

a Wilson  estuary  including  Wilson  Arm. 
b Bakewell  estuary  including  Bakewell  Arm. 
c Keta  estuary  including  upper  Boca  de  Quadra. 

d Observations  coincidental  with  vegetation  studies;  numbers  not  comparable  to 
other  months. 

e Ten  to  twelve  swans  were  observed  in  Bakewell  Lake  area  on  10/30  and  10/31. 
f Some  birds  believed  to  use  both  Bakewell  and  Wilson  estuaries. 

g Monthly  totals  for  entire  Quartz  Hill  area  only;  no  number  specific  to  estuaries. 
SOURCE;  VTN  1982h 
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Gulls  were  present  throughout  the  year  and  most  common  in 
the  Wilson  estuary.  Larger  numbers  observed  in  the  Wilson 
estuary  in  March  were  coincident  with  a smelt  spawning  run  in  the 
Wilson  and  Blossom  Rivers;  a second,  lower  peak  in  numbers 
occurred  in  August  in  conjunction  with  salmon  spawning.  During 
August,  high  numbers  of  gulls  also  were  seen  feeding  on  large 
herring  schools  in  the  middle  of  Boca  de  Quadra  near  the  Marten 
Arm. 


The  potential  exists  for  large  numbers  of  birds  to 
overwinter  in  Smeaton  Bay  and  Boca  de  Quadra:  abundant  food  is 

present;  known  major  overwintering  areas  are  nearby  in  Wrangell 
and  Ketchikan;  both  areas  lie  along  a major  waterfowl  migration 
route;  and  estuaries,  such  as  the  Wilson  and  Keta  estuaries,  are 
highly  productive  bird  habitats.  For  these  reasons,  Boca  de 
Quadra  and  Smeaton  Bay  are  expected  to  be  prime  bird  habitat. 

VTN  (1982h)  reported  only  low  bird  numbers,  including  single  bird 
observations  for  a given  species.  Explanations  for  the 
unexpected  low  numbers  include:  1)  overwintering  birds  were 

missed  because  of  limited  winter  field  time;  2)  field 
investigations  concentrated  on  the  estuary  and  perhaps  overlooked 
birds  in  open  water  further  down  the  fjord;  3)  birds,  while 
demonstrating  regional  fidelity,  may  exhibit  a more  facultative 
habitat  selection  process;  or  4)  habitat  quality  is  more  apparent 
than  real. 


Endangered  or  Threatened  and  Sensitive  Marine  or.  Coastal 

Bird  Species 

No  endangered  or  threatened  marine  or  coastal  bird  species 
are  known  to  inhabit  Boca  de  Quadra.  Sensitive  species  of 
potential  concern  include  the  peregrine  falcon  (Falco  perearinus) 
and  the  bald  eagle  (Haliaeetus  leucocephalus) . The  U.  S.  Fish 
and  Wildlife  Service  reported  that  peregrines  are  not  likely  to 
be  present  in  the  project  area  (Envirosphere  1984) . 

Bald  eagles  were  present  in  the  area  throughout  the  year  but 
showed  large  seasonal  fluctuations,  probably  related  to  food 
availability.  In  general,  numbers  were  low  during  winter  months, 
gradually  increasing  through  spring  to  a maximum  in  August  (in 
conjunction  with  salmon  spawning)  and  then  decreased  during 
autumn  to  low  winter  levels.  This  seasonal  pattern  was  similar 
in  both  the  Smeaton  Bay  system  and  the  upper  Boca  de  Quadra-Keta 
River  system. 

One  exception  to  this  general  trend  was  that  during  March 
smelt  runs  in  the  Wilson  and  Blossom  Rivers,  eagle  populations 
increased  dramatically  in  the  Wilson  estuary.  Approximately  90 
eagles  were  observed  in  the  Wilson  estuary  while  at  the  same  time 
only  four  individuals  were  seen  in  the  Keta  estuary  (VTN  1982h, 
p.  65)  . 


E-7 


Bald  eagle  nesting  surveys  were  carried  out  by  VTN  in  the 
Quartz  Hill  non-wilderness  area.  A total  of  39  nest  trees  were 
located  during  1982.  Twenty-nine  trees  occurred  along  Smeaton 
Bay  and  in  the  Wilson  Arm  estuary  and  Blossom  River.  The 
remaining  10  were  located  along  Boca  de  Quadra  and  in  the  Keta 
River  estuary  (VTN  1982h,  p.  60). 

The  fact  that  more  eagles  nested  and  were  observed  utilizing 
the  Wilson  estuary  than  upper  Boca  de  Quadra  and  the  Keta  estuary 
is  probably  in  response  to  the  large  prey  base.  Populations  of 
salmon  and  smelt,  two  fish  species  known  to  be  utilized  by  bald 
eagles,  are  greater  in  the  Smeaton  Bay  area  than  in  Boca  de 
Quadra. 
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